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Abstract 
Using micro level household survey data from India, I investigate the variation in the presence of 
the household homegardens, the household dietary diversity and the nutritional status of children 
in the ages of 0 to 5. The investigative analysis using household survey data from India for the 
year 2004-2005 reveals that the household socio-economic, demographic, geographic and family 
attributes influence the choice of homegardens, dietary diversity and the nutritional status of 
children. Results from my analyses show that the choice of a homegarden by a household seems 
to depend on a number of factors like household size, number of children in the household, 
female education, mother’s employment, and the size of the area that a household owns and 
cultivates, other things being equal. Religion, caste, and residence in different states seem to 
affect the presence of homegardens as well. Household dietary diversity (HDDS) is positively 
associated with the household crop diversity and presence of homegardens in the household. The 
results of this study show that the short term nutritional status measured by weight-for-age z-
scores (WAZ) of children in the ages 0 to 5 is negatively related to household dietary diversity, 
while the presence of a homegarden positively affects the long term nutritional status measured 
by height-for-age z-scores (HAZ). 
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1. Introduction 
The aim of this thesis is to look at the effect of homegardens on the nutritional outcomes of 
young children in the farming families of India. This descriptive thesis is not essentially trying to 
establish a cause-and-effect relationship between nutrition and crop diversity or dietary diversity, 
rather this is an effort to look at how things are with regards to the current status of Indian 
homegardens and child nutrition. 
 If we look at the nutrition-based literature, there have been a lot of studies that have looked at 
the nutritional outcomes of children in different settings, but there has not yet been a study that 
has looked specifically at the effect of homegardens on the nutritional outcomes of children 
resulting from increased cropping diversity and dietary diversity in India, to my knowledge. To 
begin with, homegardens could be described as the oldest farming production systems, and that 
they still exist in many parts of the world proves that they make an important contribution to the 
economic and nutritional needs of the farming households. Also known as mixed, backyard, 
kitchen, farmyard, compound, homestead gardens or family food production systems, they are 
not very different from subsistence farming or small holder farming that is most commonly used 
to refer to farming on less than 2 hectares(ha) of land  (World Bank, 2003). Small holder farming 
includes small farms that are dependent on household members for most of the labor or those 
with a subsistence orientation, where the primary aim of the farm is to produce the bulk of the 
household’s consumption of staple foods (Hazel et al., 2007), which is similar to the purpose of 
homegardens. Others have defined small farms as those with limited resources including land, 
capital, skills and labor. Today it is estimated that about 87 per cent of the world’s 500 million 
small farms (less than 2 hectares) are in Asia and the Pacific region (IFPRI, 2007) with India 
alone accounting for 193 million small farms (IFAD). Specifically, “a homegarden is a farming 
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system that combines physical, social and economic functions on the area of land around the 
family home, as within the typical homegarden there is a place of work and for storage and 
processing of farm produce; social areas for meetings, children's play and gardens for display; 
economic areas for growing food, medicinal plants and trees and for raising animals and fish; 
physical areas for storage, living, washing and waste disposal.” According to this definition, the 
homegardens function as the most direct way of providing daily food; a source of income for the 
purchase of other foods; and a means to produce non-food items such as medicinal herbs, spices, 
fuel wood and building materials.(FAO 1995). As mentioned before, usually homegardens cover 
a small area of about 500 to 1500 m2 and the functions and output of the homegarden 
complement field agriculture. Whereas field crops provide the bulk of energy needed by the 
household, a homegarden supplements the diet with vitamin-rich vegetables and fruits, energy-
rich vegetable staples, animal sources of protein and herbs and condiments (Marsh 
1998).Typically, traditional tropical gardens display a diversity of perennial and semi-perennial 
crops, trees and shrubs, well adapted to local climates and maintained with a minimum of 
purchased inputs. 
In summary, homegardening worldwide typically combines production of different crops, 
vegetables and livestock. Diversity in size, form and function make it difficult to specifically 
define homegardens, but their place in the farming systems of the rural landscape is readily 
recognized. The survey data used for this thesis show that farming or agricultural activities are 
concentrated in rural areas (96% farming households), and 94% of homegardens are found in 
rural areas in India. Also, the mean area owned and cultivated by farming households is just 1.9 
acres. This suggests that the homegardens for these sample households are typically very small 
areas on their farm lands where the farming households may grow crops for their own 
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consumption other than any commercial crops they are already growing (and not separate tracks 
of land exclusively used for homegardens).  
Homegardens or small farms are important to fulfill the growing food needs of an increasing 
population. At present an increasing number of small farmers are being marginalized due to 
ecological, social and demographic forces. The emphasis on commercial agriculture tends to 
exclude such resource-poor farm households from access to government technical services. The 
growing landlessness, complicated by the shift to less labor-intensive technologies is reducing 
opportunities for farm laborers. With rapidly increasing migration from rural areas into large 
cities, the challenge of providing adequate food to the poor is only intensifying. Midmore et al. 
(1991) suggest in their report that the use of monocropping systems in commercialization of 
agriculture (based on plantation crops and basic staples such as rice, wheat, and maize) has 
unbalanced the diets of the rural poor by reducing the intake of vegetables, fruits and other 
supplementary foods. They further suggest that as the price of vegetables doubles, the intake of 
vitamins A and C decreases by more than one half with a corresponding increase in illness,  and 
the  incidence of vitamin A deficiency  has not declined despite increased income and prosperity 
in many parts of the developing world. 
Therefore, in such an environment, the benefits of homegardening are numerous for improving 
household food security and alleviating micronutrient deficiencies. Gardening can enhance food 
security in several ways, most importantly through the following: 1) direct access to a diversity 
of nutritionally-rich foods, 2) increased purchasing power from savings on food bills and income 
from sales of garden products, and 3) fallback food provision during seasonal lean periods. One 
of the easiest ways of ensuring access to a healthy diet that contains adequate macro- and 
micronutrients is to produce many different kinds of foods in the homegarden. This is especially 
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important in rural areas where people have limited income-earning opportunities and poor access 
to markets. Homegardens are also becoming an increasingly important source of food and 
income for poor households in peri-urban and urban areas. (FAO 2004) 
A well-developed homegarden has the potential to supply most of the non-staple foods that a 
family needs every day of the year, including roots and tubers, vegetables and fruits, legumes, 
herbs and spices, animals and fish, when access to land and water is not a major limitation for the 
households. Roots and tubers are rich in energy and legumes are important sources of protein, 
fat, iron and vitamins. Green leafy vegetables and yellow- or orange-colored fruits provide 
essential vitamins and minerals; particularly folate, and vitamins A, E and C.  It is well known 
that vegetables and fruits are a vital component of a healthy diet and should be eaten as part of 
every meal. Meat, chicken and fish are good sources of protein, fat and micronutrients, 
particularly iron and zinc. They are especially important in small children's diets to ensure 
normal growth and intellectual development. All these nutrient rich food can be supplemented in 
the household diet with the help of homegardens. 
Thus, the main research questions that I will try to answer through this thesis involve looking at 
how crop diversity and Indian homegardens affect the dietary diversity of the farming 
households. I then study the effects of this dietary diversity on the nutrition level of the children 
(age 0-5) in these households. 
Status of Indian Economy, Agriculture and Geography 
India is one of the fastest growing countries in the world, with a massive 1.2 billion (and 
growing) population and is projected to overtake China in terms of largest population in the 
world by 2035(FAO), growing at an annual rate of 1.5 per cent. India's vast land area of 3.3 
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million square kilometers lies in southern Asia, bordering the Arabian Sea and the Bay of 
Bengal, between Myanmar and Pakistan. The republic is divided into 28 states and 7 union 
territories. Terrain includes an upland plain known as the Decca Plateau in the south and flat or 
rolling plains along the river Ganges, desert land in the west and the Himalaya Mountains in the 
north. The climate varies from tropical monsoon in the south to temperate in the north (World 
Bank).  
After it gained independence in 1947, India made immense progress towards security of food 
and livelihoods. Since 1950, the population almost tripled, but food-grain production more than 
quadrupled; there was thus a substantial increase in available food-grain per capita. India is now 
among the world’s largest producers of rice, wheat, pulses, fruits, vegetables, and milk. This 
agricultural transformation - and the associated economic growth - have helped double income 
per person and life expectancy, lessen poverty incidence by nearly one-half, and render the 
country self-sufficient in food. The country has seen an improvement in both life expectancy (64 
years) and child morality (66 per 1000 live births).Agriculture as a proportion of India’s Gross 
Domestic Product has increased by about 7 percent since 2001(19% in 2009), agricultural 
exports outnumber imports of the same, and half the population still makes its living in 
agriculture. 
But all this notwithstanding, India is home to one-third (400 million) of the world’s poor, and 
also one-fourth (237 million) of the world’s total (800 million) of under-nourished people. 
Moreover, the intensity of the hunger among those undernourished is also high. Child 
malnutrition is amongst one of the highest: one in four Indian children is seriously under-
nourished. A staggering 43 percent of children are underweight children, 49 percent are stunted 
and 20 percent are wasted by malnutrition (2006). The burden of undernutrition also falls 
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disproportionately on young children and women, especially pregnant and lactating women due 
to both social and biological causes in developing countries. Biologically, pregnant and lactating 
women and young children have substantially higher nutrient requirements per unit of body mass 
relative to other age groups. In India, especially, women and young children may hold lower 
social status which limits their access to nutrient-rich foods, increases their risk of infectious 
diseases, and reduces their access to adequate health care. Increased disease burden further 
increases nutrition requirements and creates a perpetuating cycle of infection and malnutrition. 
India also continues to be one of the countries with very high prevalence of anemia. The 
National Family Health Survey (NFHS-3) has revealed the prevalence of anemia to be 70-80% in 
children, 70% in pregnant women and 24% in adult men. WHO stipulates that prevalence of 
anemia in India is high mainly because of low dietary intake by the households, poor availability 
and consumption of iron, and in many cases, chronic blood loss due to hook worm infestation 
and malaria. As WHO has found that, while anemia has well known adverse effects on physical 
and cognitive performance, the true ill- effect of iron deficiency anemia lies in the adverse effect 
on maternal and fetal health. Poor nutritional status and anemia in pregnancy can have adverse 
consequences that extend over children through generations. {“Addressing Iron Deficiency 
Anemia: 12 x 12 Initiative”, WHO, (2010)}  
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2.   Role of Agriculture in the Indian Economy 
Although India was classified as a low income, food deficit country when it gained independence 
in 1947, it has seen impressive economic growth over recent decades. It is now self-sufficient in 
rice and wheat, exports many food products, and maintains a 60 million ton grain buffer stock. 
Average growth in Gross Domestic Product (GDP) increased from 3.5 per cent during the 1950s, 
1960s and 1970s to 5.4 per cent in the 1980s and 5.9 per cent in the 1990s. This acceleration, 
particularly in the 1990s, stemmed from a significant increase in service sector growth, with 
software and information technology taking on a leading role. As a result, the GDP per person in 
India doubled from US$260 in 1980 to US$538 in 2003 and reached US$650 in 2005. 
Agriculture remains the most important sector in India in many aspects, providing employment 
for 600 million citizens directly (and indirectly). However the agricultural sector is not very 
efficient and continues to pose challenges for the economy. 
As the service sector grows, agriculture's share of the GDP has dropped from 57 per cent in 1950 
to 19 per cent in 2009. The agricultural sector provides incomes and employment to 587 million 
people, or more than 50 per cent of the rural labor force (2010). (Employment in agriculture as % 
of total employment equaled 56 percent in 2005). Major crops include rice, wheat, oilseed, 
cotton, jute, tea, sugarcane and potatoes. Farmers are mostly marginal farmers, and smallholders 
cultivate land that accounts for less than one third of the country's total farming area. The 
average farm sizes have drastically declined from 2.23 acres to 1.21 acres from 1970 to 2005. 
More than 80 percent of the farmers have less than 2 acres of farm land (Chand et al. NCAER). 
The average income per hectare is just Rs. 29,649(approx. $593) according to the direct income 
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and expenditure measures from the IHDS survey 2004-05. These figures depict the severity of 
problems with agricultural development, especially because agriculture is charged with the 
responsibility of meeting the food needs of the increasing population as well as of producing 
export crops to earn foreign exchange 
Subsistence Farming and Homesteads in India 
The problem of scarce land is widespread in India, where rapidly expanding cities have 
consistently affected the size of the agricultural land. In a developing country like India, 
expansion and growth of urban areas is imminent as well a sign of growth. Urban expansion in a 
normal course results in conversion of agricultural lands in the fringe areas for non-agricultural 
purposes. Recent years have seen conversion of large tracks of agricultural land for the purpose 
of commercial and real estate purposes. Though these conversions are yet to be recorded in the 
official statistics, the issue of declining net sown area has been highlighted as a major concern 
for Indian agriculture (Alagh, 2006). The Indian 11
th
 Five Year Plan stipulates that in case of 
below normal rainfall, the agrarian distress could be one of the reasons for poor sowing 
operations as agriculture in general has become unviable even during normal rainfall years, 
hence farmers may be avoiding taking greater risk in a below normal rainfall years. Hence, not 
only has the land become scarce but farmers also face agrarian distress due to climatic 
conditions.  Other important reasons attributed to this phenomenon in the Indian 11
th
 5 Year Plan 
are i) degradation of land and ii) allocation of land for more remunerative purposes like real 
estate, development activities, special economic zones, etc. iii) corporate agriculture is also 
growing. Although it would not alienate land from agriculture it would marginalize small 
farmers. (Govt. of India Eleventh Five Year Plan (2007-2012) 
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When land is scarce, and environmental conditions are harsh, access to even small plots can 
benefit families by improving nutrition and by providing a source for additional household 
income. In addition, the access to even a small plot may be an important source of status for 
women, demonstrating the woman’s skills and capabilities, along with her freedom from 
dependence on vendors and neighbors. (Nielsen et al., 2006; Finerman and Sackett, 
2003).Therefore, homegardening or subsistence farming plays an important role in making poor 
families food secure. In 2002, the Govt. of India’s Tenth Five Year Plan (2002-2007) noted for 
the first time that “Access to even small pieces of land, which may not be sufficient for providing 
income to a family for subsistence, can significantly reduce poverty and food insecurity by 
providing an essential component in a diversified livelihood” 
This Plan further elaborated that: 
“Ownership of even a small plot of land enables a family to raise its income, improve its 
nutritional status, have access to credit facilities and lead a more dignified life. . . . Horticulture, 
floriculture and vegetable cultivation on small plots of land, including homestead land, have 
proved beneficial for the poor. Agricultural laborers, therefore, need to be provided access to 
land to improve their economic and social well-being” 
This further proves the importance that even the government of India has started attaching to 
homegardens in helping to alleviate the status of the Indian poor. 
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3. Hypotheses 
Keeping these factors in mind, the research question for this thesis will focus on investigating the 
factors that could affect choice of a homegarden by households, how dietary diversity and crop 
diversity in home production of crops affects the health outcomes children in these of the 
households. Specifically, I hypothesize 
I.  The nutritional status (height for age; weight for age; weight for height) of children 
under the age of five years from farming households that practice homegardening is 
significantly better than that of children from the households that do not,  when 
controlling for socio-economic status, and other child, maternal, and household variables. 
II. A higher dietary diversity leads to better nutritional status (height for age; weight for age; 
weight for height) of children below five years of age. 
III. The household choice to grow a homegarden depends upon a number of exogenous 
factors. These factors affect the utility and the costs that the maximizing households 
derive from their choice. Other things being equal, I hypothesize that vegetarian 
households with large family size, higher female education, that have easy access to 
resources like land, water and basic services derive a higher utility and have lower costs 
from homegardens and are more likely choose a homegarden, as compared to other 
households. 
So the strategy for this thesis is to measure the crop diversity and dietary diversity in the farming 
households for homegrown production, study the factors affecting household’s choice to have a 
homegarden and then look at how a diverse diet and homegardens affects the nutritional 
outcomes of children under the age of five. 
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4. Literature Review 
Subsistence farming or homegardening and commercial farming represent two very different 
motives for agricultural production. As noted before, in subsistence farming, the main motive is 
to secure food for the farming household, whereas in commercial farming, the primary motive is 
mass production and maximizing profit by selling the agricultural produce. In the subsistence 
agricultural systems, the multiple plot and multiple crop production strategies are targeted at 
reducing the levels of risk to which producer households are exposed (Brokenshaw and Riley 
1978), and also smoothing out irregularities in the food supply (Nietchmann 1973; Rutishauser 
1963). On the other hand, although many older studies have recognized that commercial 
agricultural production often leads to a decline in nutritional status (Culwick and Culwick 1939; 
Levy et al. 1936) as the commercial production in developing countries almost always magnifies 
seasonal cycles of plenty and wants, more recent studies have found mixed evidence or very 
minimal differences in nutritional status of children from households with  and without 
commercial agriculture(Kennedy, 1994; Baer 1987). The older studies emphasize the fact that 
income earned through crop sales, which usually arrives in one or two installments during the 
course of the year, in theory, allows food purchases to dampen cycles of scarcity, but it is often 
not sufficient. This can happen because the sudden arrival of cash has a tendency to drive up 
prices. The newer studies suggest that there is no clear negative evidence of poor nutritional 
effects of cash-cropping and the nutritional effects may be related to the circumstances or the 
environment the agricultural households may face.  A higher income available to cash-cropping 
households gives them access to more essential economic resources, but on the other hand, also 
increases their non-food expenditures, thereby affecting nutritional status of children in different 
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ways. As such recent studies over the years have shown positive or neutral effects of commercial 
cropping on the nutritional status of impacted households are due to higher income levels 
enjoyed by them. (Wasonga et al. 1982;, Fleuret and Fleuret, 1980; Partridge, Brown and 
Nugent, 1982; Dewey, 1979, 1981).   
Over the last few decades, some studies also show that worldwide, subsistence production and 
crop diversity have declined, and dependence on purchased foods has increased as farmers move 
from subsistence to commercial farming. Decreased crop diversity and greater dependence on 
purchased foods is associated with poorer dietary quality and nutritional status according to a 
study done by Dewey (1980) in Tabasco, Mexico. This claim has important nutritional 
implications. She suggests that in scenarios in which wages are low and food prices are high, 
more self-sufficient agricultural families will have a comparative advantage. In summary, the 
change from mostly self- providing peasant families to wage-laborers can have a serious effect 
on the economic status of farming families and on their well-being, which can be seen by their 
diet and nutrition.  
Studies that have compared the outcomes of these different approaches towards agricultural 
development and the impact on child health find that largely unregulated individual production 
of crops benefits child health, while participation in highly structured, externally-funded cash 
crop growing schemes did not affect health, but disproportionately rewarded a small minority of 
participants. These studies emphasize the importance of flexibility in farming decisions in 
improving health outcomes (Fleuret, 1987).  
Other studies show that homegardens tend to increase crop diversity by increasing the production 
of different kinds of vegetables, spices, pulses and cereals, in addition to raising livestock and 
poultry, for both consumption and sale (Ali et al., 2005).  
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 In India, where a greater majority of population is vegetarian, research shows that the daily 
Indian diet, especially in rural areas, consists mainly of vegetables, rice and wheat. This implies 
a need for sustainable vegetable supply from homegardens (FAO, 1997). Homegardens play a 
vital role in India's remote rural areas where transport costs result in high prices for families with 
inadequate purchasing power (FAO, 1995). As mentioned before, homegardens require few 
inputs and have the potential for providing households with direct access to year-round vegetable 
supplies and additional income from the sale of surplus produce (FAO, 1997).  Consequently, the 
availability of self-grown foods affects the adequacy of the energy and nutrient intake of not only 
children, but also adults in the household. Studies in developing countries have shown women to 
be often seriously deficient in iron and calcium, while the children are deficient in iron and 
vitamin C. Although there is no clear evidence that the per capita food expenditures decrease 
with increased availability of self-grown foods, strong evidence shows that homegardens 
increase the total food supply of the household during certain seasons, and more adequate energy 
and nutrient intakes of children are associated with the availability of different self-grown foods. 
The children also benefit more nutritionally from homegarden production as compared to the 
adults in the household as significant association between presence of homegardens and lower 
incidences of wasting and underweight children has been found by some studies. (Immink et al., 
1981; Makholta et al., 1994). This evidence is especially strong for the households in the rural 
areas where most of the agricultural production/farming activities occur. It will be worthwhile to 
note here that households who invest more resources into care of the children are likely to have 
more homegarden production because they will want to feed their children a nutritious diet 
including vegetables. This might introduce endogeneity into the regression model that looks at 
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how homegarden production affects the nutritional status of children in the sampled households. 
In other words, preferences for child health that are not observed by the researcher may lead 
households to both have homegardens and have children with nutritious diets. The homegarden 
does not cause the child’s healthy diet, but rather reflects household preferences. If such 
households could not have a homegarden for some reason, they would seek out and purchase 
vegetables. 
The homegardens also contribute significantly to the rural household economy in general, and 
among the near-landless and smallholder households in particular. For example in one study, 
homegardens contributed about 52% of the household farm income in the study villages in 
Bangladesh. Homegarden output accounted for about 83% of annual farm income in near-
landless, 67% in smallholder, 34% in mediumholder, and 22% in largeholder households. The 
intensity of cultivation of homegardens is also higher among the near landless and smallholders 
than medium- and large holders. The smallholders with high household populations cultivate 
larger numbers of plant and animal species and there is the extensive use of the labor of 
household women and children, while the men work in non-homegarden farmlands (Ali et al., 
2005) 
Urban small holder agriculture or homegardening in urban areas is also important in terms of 
securing household food security. Studies indicate that agriculture makes a significant 
contribution to the urban economies, involving anywhere between about 10–70% of urban 
households in different countries. In terms of income generation, its role is found to be limited, 
with the important exception of the African countries and the households in the poorer quintiles 
in Nepal and Vietnam where urban agriculture makes a significant contribution to households 
too. As such, urban homegardening is an activity in which the poor are disproportionately 
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represented. But in urban areas too, it appears to be associated with greater dietary diversity and 
calorie availability, both measures of an improved diet and hence closely related to food security. 
Studies show that urban agriculture has a positive, significant association with higher nutritional 
status of children, particularly height for age, after controlling for other individual child, 
maternal, and household characteristics (Maxwell et al., 1998). In a study done by Zezza et al. 
(2010), in 10 out of 15 countries in their sample, results showed a correlation between an active 
participation of urban households in agricultural activities and greater dietary diversity, after 
controlling for economic welfare and a set of household characteristics. Evidence was also found 
of a relationship with greater calorie consumption, with fruits and vegetables being the food 
group more consistently found to contribute to the increase in calorie consumption associated 
with the engagement in urban agriculture. Thus, although farming methods in urban and rural 
areas are different due to constraints like land availability etc., the effect of subsistence 
agriculture/homegardening on improving food security is significant in both the cases. Also, 
among lower-socioeconomic status households, there is a significantly higher prevalence of 
moderate to severe malnutrition among children from non-farming households than amongst 
farming households. And compared to other forms of income generation, farming mothers 
devoted more time to direct child care, which may have some positive impact on the nutritional 
status of children (Maxwell et al., 1998) 
Some studies show that environmental and geographical conditions also affect agriculture 
production, crop diversity and consequently children’s health. In a study conducted in the desert 
area of western Rajasthan in India,  the prevalence of wasting among preschool children aged 0 
to 5 was found to be higher than in non-desert areas and, greater than the cut-off point of 15% as 
stated by the World Health Organization, indicating that the severity of malnutrition was critical. 
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The harsh environmental conditions in desert areas, where drought occurs quite frequently and 
adversely affects the economy by destroying livestock and reducing crop harvests, can greatly 
erode the coping capacity and economic potential of the people leading to increased poverty and 
poor food intake of the inhabitants (Singh et al., 2005). Similarly, people living in the fertile 
regions with good environmental conditions enjoy plentiful and diverse agricultural production, 
which has a positive effect on their nutrition and health. This is why it is important to consider 
geographical and environmental differences when looking at the nutritional status in different 
settings. 
Other factors acting as potential determinants in the prevalence of undernutrition among children 
include sex, ethnic community, family size and number of siblings. Studies have indicated 
differences in undernutrition between boys and girls belonging to the same communities, and 
surprisingly, boys were more affected by undernutrition than girls in most cases. The number of 
siblings, rather than family size, seemed to be more associated with the prevalence of 
undernutrition. (Mondal et al., 2010).  
Factors such as low production of staple crops (maize, sorghum, wheat, beans and peas), poor 
sanitation, unprotected water sources and low incomes also played significant role in nutrition 
and health (Makholta et al., 2004). The size, species composition, cropping intensity, labor 
inputs, and output of homegarden cultivation depend upon several factors such as population 
pressure, physical environment, farm size, socioeconomic factors, and proximity to urban 
markets.  (Ali et al., 2005) 
Homegarden area, education and sex of gardeners have also significant impacts on food security. 
Studies show educated households tend to be more food secure than those with no schooling. 
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Similarly, increasing garden area has economics of scale effect on food security as one can grow 
different crops for domestic consumption (Asaduzzaman et al. 2011). 
A study done by Akrofi et al. (2010) in rural Ghana, analyzed how dietary diversity is affected 
by homegardens, and evaluated their contribution to dietary diversity among HIV-positive and 
HIV-negative rural households in Eastern Region, Ghana. A cross-sectional survey of 32 HIV 
positive and 48 HIV-negative households was conducted, and plant species cultivated in the 
homegarden of each household and their abundance was documented. The Shannon-Wiener 
index was calculated to estimate crop diversity for each homegarden. A dietary diversity score 
(DDS = a count of food groups consumed) determined that HIV-positive households with 
homegarden products showed a significantly higher DDS than HIV-negative households with 
homegardens (6.8 vs. 6.0). The DDS for households without homegarden products did not differ 
between groups. But there was a significant difference between the DDS in households with 
homegarden products and the DDS in households without homegarden products within groups 
divided by HIV status. A higher DDS in HIV-positive households was not associated with a 
higher Shannon-Wiener index (used for measuring crop/plant species diversity). The 
contribution of food items from homegardens to DDS was significantly higher in HIV-positive 
(14.9%) than in HIV-negative households (9.1%). In summary, homegardens contributed 
significantly to dietary diversity in HIV-positive rural households, although no significant 
change in plant species diversity was observed in HIV-negative households. 
 
Benefits/Criticisms of Homegardens: 
The multiple potential benefits of homegardening, of which the most important is increased 
direct access to nutritious foods by the food insecure, have led to the sponsorship of numerous 
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gardening projects by non-governmental organizations (NGOs), governments and United 
Nations agencies. In any case, promotion of gardening as a nutrition or community development 
strategy is controversial, with strong advocates and opponents. 
One widespread criticism is that homegardening is only feasible for households with access to 
land, water and technical assistance, not for the landless poor without resources. Further, 
opponents claim that homestead production is often touted as a ‘cure-all’ for food insecurity, 
when it hasn’t been really proved reliable as a steady source of food and income for poor 
households. Some opposing studies indicate that gardening is not economical as a nutrition 
intervention as compared with fortification, supplementation and targeted subsidies (Popkin et 
al., 1980; Brownrigg, 1985). Also, studies have indicated that homegardens did not produce 
enough vegetables of the most beneficial types for children to make a significant contribution to 
the prevention of malnutrition among children. (Makholta et al., 2004)  
Advocates of gardening strongly propose that homegardening can be a sustainable strategy for 
improving food security and incomes when gardens are well adapted to local agronomic and 
resource conditions, cultural traditions and preferences (Marsh, 1998; Midmore, Niñez and 
Venkataraman, 1991). Moreover, in terms of alleviating food insecurity, advocates claim that 
food production controlled by households is more reliable and sustainable than nutrition 
interventions that rely on government goodwill and financial support (Marsh, 1998; Niñez, 1984; 
Von Braun et al., 1993; Moskow, 1996).  This type of gardening is accessible to the poorest 
people since it relies on low-cost, low-risk technology and may be adapted to extreme 
environments. Finally, proponents also note that comparative cost-effectiveness studies tend to 
focus on narrow achievements, such as reduction in vitamin A deficiency, and fail to account for 
the full array of homegardening benefits. (Marsh, 1998) 
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As mentioned before, homegardening contributes to household food security by providing direct 
access to food that can be harvested, prepared and fed to family members, often on a daily basis. 
It helps the poor and the landless people in becoming food secure as they can practice gardening 
on small patches of homestead land, vacant lots, roadsides or edges of a field, or in containers. 
As the very basis of homegardening is local subsistence, gardening may be done with virtually 
no economic resources, using locally available planting materials, green manures, “live” fencing 
and indigenous methods of pest control. Thus, homegardening at some level is a production 
system that the poor can easily enter. Gardening provides a diversity of fresh foods that improve 
the quantity and quality of nutrients available to the family (Marsh, 1998). Very small mixed 
vegetable gardens can provide a significant percentage of the recommended dietary allowance 
for protein (10 to 20 percent), iron (20 percent), calcium (20 percent), vitamin A (80 percent) and 
vitamin C (100 percent) (Marsh and Talukder, 1994; AVRDC, 1983-1989). Homestead 
production is also an important source of supplementary income for poor rural and urban 
households around the world. The combined value of garden production, including sale of 
surplus vegetable produce and animal products combined with savings in food and medical 
expenses, varies seasonally but constitutes a significant proportion of total income (upwards of 
20 percent) for many households. The garden may become the principal source of household 
food and income during periods of stress, e.g. the preharvest lean season, harvest failure, 
prolonged unemployment, health or other disabilities suffered by family members or agricultural 
and economic disruption caused by war. For instance, in Kampala, Uganda, after the civil war, 
urban agriculture substantially fed the city in non-cereal foods (UNDP, 1996). Also, in Baghdad, 
Iraq and Sarajevo, Bosnia and Herzegovina, in the 1990s, residents have relied on gardening to 
provide for many of their nutritional needs (Marsh, 1998; UNDP, 1996). Thus, produce from 
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homegardens not only acts as a main source of food consumption but also acts as an important 
economic resource that people can depend on in harsh conditions. 
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5. Data and Methodology 
 
5.1 Data 
This study includes the data from 2004-05 Indian Human Development Survey or IHDS-I (Desai 
et al.), which is a nationally representative survey of 41,554 households, from 1503 Indian 
villages and 971 urban neighborhoods, conducted in 2004-2005. IHDS-I (2004-5) collected 
extensive data on education, health, livelihoods, family processes and combines information on 
anthropometric measures of women and children, household income, and consumption 
expenditure on food. The dataset covers all states and union territories of India – with the 
exception of Andaman/Nicobar and Lakshadweep. The sample households are spread across 28 
states and 5 union territories, 384 districts, 1503 villages and 971 urban blocks located in 276 
towns and cities. The sample consists of 26,734 rural and 14820 urban households. Villages and 
urban blocks formed the primary sampling unit (PSU) from which the households were selected. 
IHDS was jointly organized by researchers from the University of Maryland and the National 
Council of Applied Economic Research (NCAER), New Delhi. 
The sample data used for this study is a subset of the original dataset and includes 6247 children 
from the ages 0 to 5 years. All of these children belong to households that have reported growing 
at least one crop. The sample has almost equal numbers of girls as boys (52%) and the average 
age is 3 years. The majority of these children (96%) belong to the rural areas and around one-
third (32%) live below the poverty line. The households vary from 2 to 38 persons in size, and 
the mean family size is 7.9 persons. At the household level, the mean years of schooling among 
adult women is 3.9 years and among adult men is 6.9 years in these households. Since the 
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majority of the households are rural and farming families, such low literacy levels are not 
surprising.  
From the table 1, we can observe that the majority of the population in this sample is Hindu 
(85%). Most Hindus are vegetarians, which would affect their dietary diversity. Consistent with 
their status as the largest religious minority in India, Muslims comprise 10 percent of the sample. 
When we look at the breakdown of castes, Brahmins form a very small percentage (4%), while 
Other Backward Castes (OBC) form the largest group with almost 43% of the sample being 
OBC. I expect belonging to different religions and castes will have significant effect on the 
dietary diversity and nutritional status of children. The sample represents children from 30 
different Indian states and union territories and the majority comes from the states of Uttar 
Pradesh (19%), Maharashtra (10%), Madhya Pradesh (10%), Rajasthan (9%) and Bihar (7%).  
The average size of the landholding by the households is 2.6 acres. The mean number of 
different crops grown by these households is almost 3 different crops annually. The farmers 
grow crops in three different seasons (Kharif, Rabi, and Summer) in a year in India. However, 
they may grow the same crop a maximum of 3 times by growing them repeatedly in all the 
seasons. So it is important to distinguish that this variable represents the number of different 
crops the farmers grow in a year, and not the total number of crops grown in a year (which has a 
little higher mean in comparison; 4 crops on average). This variable can also be used as an 
alternate way to look at the crop diversity for this sample data, as it tells us the number of 
different crops grown by the households in a year.   
The average farm income earned by these households is Rs. 27,921 and average total income is 
approx. Rs. 48268. Negative farm income is reported by more than 10 percent of the sample. 
Crop failures and related high expenses are a frequent source of debate in India, so this estimate 
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seems reasonable. Negative farm incomes result in negative total income estimates for about 2 
percent of the households. Other analyses by IHDS staff suggest that these households do not 
appear as poor on other economic dimensions as households with low but positive incomes. One 
of the reasons this might be happening is because of the under reporting of income by these 
households, which is not unusual.   
As I wanted to analyze the prevalence of homegardens, consumption patterns, household crop 
diversity, household dietary diversity and nutritional status of children, I created the additional 
variables and indices to help me with my study and measurement of estimates. Below I present 
the description of these variables. 
 
5.2 Construction of variables used for analyses 
I. Homegarden 
This is a binary variable that I created as a proxy, to distinguish households with and 
without homegrown consumption. If the households had reported any homegrown 
consumption for any of the food items (rice, wheat, other cereals like oats, bajra, millet 
etc.,cereal products, pulses, vegetables, milk and milk products, meat and meat products, 
eggs and egg products, sugar including gur and khandsari, and oilfats), they were 
considered as households with homegardens. If they did not report homegrown 
consumption for any of the above food items, they were considered households without 
homegardens.  For example, to get rice consumption data, the households were first asked 
how much rice in kgs has been consumed by them in the past 30 days. Next, they were 
asked how much of the reported consumption of rice was homegrown, purchased or both. 
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If the households reported that they were growing rice for own consumption, or they 
were purchasing as well as growing rice for own consumption, the dummy variable 
‘homegrown consumption of rice’ variable equaled 1, otherwise 0.For this sample, 86% 
of the households reported homegrown consumption. One limitation of how this variable 
is defined is that the information is extracted from the household consumption data 
instead of the crop production data for homegardens. Also the homegrown consumption 
data for quantity of fruits and spices consumed was not reported, so the households that 
could have been consuming fruits or spices from their homegardens could not be 
accounted for in the analyses. The dataset originally did not ask the questions about 
consumption of fruits and spices from the sampled households. Instead the households 
were just asked how much did they spend on fruits and spices in the past month. There 
were also missing observations/values in reporting of homegrown consumption data  
 
II. Per Capita Food Consumption  
I created ‘Per Capita Food Consumption’ series of variables to calculate the per capita 
consumption of different kinds of food by the household members. They denote per 
capita consumption of different food groups i.e. cereals per capita, vegetables per capita, 
meat per capita, eggs per capita, milk products per capita, sugar per capita and oil per 
capita, and fruits per capita. These variables are measured in kilograms/liters/dozens. The 
dataset reported the quantities of household monthly consumption of different food 
groups over last 30 days. This monthly consumption included both homegrown and 
purchased consumption by the household. To create these variables, I divided the 
household monthly consumption of each of these foods by the number of members in the 
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family or the family size. Subramaniam and Deaton (1991) stipulate that small children 
consume less food than older children, who consume less than the adults. In their paper, 
using both Indian and Pakistani data, they show that food consumption for Indian 
children aged between 0 and 4 years, should be counted as 0.24 of a couple , or 0.48 of an 
adult. Therefore, the children have been counted as 0.5 while calculating the family size 
for this variable. For example, if a family has two adults and one child aged between 0 
and 4, the family size has been counted as 2.5 and the food consumption per month has 
been divided by this family size to calculate the final ‘food consumption per capita’ 
variable for each food category. 
I summarize mean per capita consumption for different foods (VegPCapita, MeatPCapita, 
EggsPCapita, MilkPCapita, CerealPCapita, PulsesPCapita, OilPCapita, SugarPCapita and 
FruitsPCapita) over last 30 day recall period in Table 1. For all the food categories 
(except fruits), the dataset recorded total quantities (in kilograms, liters or dozens) 
consumed by the households, which were then converted to per capita quantities. 
However, the dataset did not record ‘total quantity consumed’ (or distinguish between 
homegrown and purchased consumption) for ‘fruits’, and just recorded the rupee value 
spent on fruits by the household in the last 30 days. Also, there is no mention in the 
interviewer’s manual or documentation as to why the survey did not collect data on total 
fruit consumption. As a result, the per capita ‘fruit consumption’ information is missing 
from this data, and only per capita rupee expenditure on fruits is reported. The per capita 
mean consumption values for all food categories were found to be very low (except for 
cereals per capita) for the sample dataset. The average consumption by a household 
member over the last 30 days  is a mere 15 kgs for cereals, 2.3 kgs for vegetables, 0.73 
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kgs for pulses, 4.2 liters for milk and milk products,  0.21 kgs for meat and meat products 
, it is less than 1 egg (0.092 egg) for eggs and it is 0.51 liters for oils. Notably, the 
expenditure on fruits per capita is just Rs. 9, which is approximately equal to US$ 0.17 or 
17 cents per person over last 30 days. As mentioned before, the per capita consumption 
includes both the homegrown as well as the purchased consumption, and since purchased 
consumption is included, these mean per capita consumption quantities might be affected 
by different income levels experienced by these households. 
III. Measuring Crop Diversity : Herfindahl Index  
In order to measure the crop diversity for farming households, I created three crop 
diversity indices (Rahman (2008)). They are defined below:  
(i) Herfindahl Index 
(ii) Margalef Index  
(iii) Shannon Index  
The Herfindahl index is created to provide a precise measure of crop diversity based on 
proportions rather than absolute counts. It is calculated for each individual farm in the 
dataset based on the relative composition of crops within the area of active farmland. The 
index denoted by letter H , ranges from 0 to 1, with 0 reflecting complete diversification 
(i.e., an infinite number of crops in equal proportions) and 1 reflecting complete 
specialization (i.e., just one crop). It is calculated as: 
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where    is the proportion of the ith crop relative to the overall area of active farmland 
and n is the number of different crops grown by each household. 
The Margalef index is created to measure richness in crop diversity. A higher value of the 
index denotes higher diversity, calculated as 
                  
where A is the total land area planted to all the crops by all the households, S is the 
number of crops. 
And finally the Shannon Index measures the evenness or equitability both in terms of 
richness and relative abundance. The Shannon-Weiner Crop Diversity Index is calculated 
by taking the number of crops, the proportion of area each crop is of the total planted 
area, and sums the proportion times the natural log of the proportion of area planted for 
each crop. Since this is a negative number, we then take the negative of the negative of 
this sum.  A higher value of the index denotes higher diversity. 
       
 
   
           
where    denotes the area share of the jth crop in A which denotes the total area planted 
to all crops, and n is the number of different crops grown by each household. 
The data used to create this index came from the ‘Crop Production’ module of the survey. 
Originally, data from all the farming households about each crop they grew over the last 
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year, in three different seasons (Kharif, Rabi and Summer), and about the cropping area 
for each crop were recorded. These included growing different crops multiple times a 
year as farmers could grow crops a maximum three times a year based on the three 
seasons. The number of different crops for each household and the cropping area 
dedicated to each were then merged and combined to calculate the total cropped area, 
share of an individual crop in the total area, and the total number of different crops for 
each household.  After creating these indices and using them as right-hand-side variables 
in the models to denote crop diversity, I decided to use only the Herfindahl index for the 
analyses for many reasons. The Herfindahl index is preferred in this study as a measure 
of crop diversity because it is simple to construct and yet elaborate enough to describe 
both richness and evenness as compared to the other two indices, which measure just 
richness and evenness. The Herfindahl index’s value of one indicates that all area is 
planted to a single crop, and a very small value tending to zero indicates that a large 
number of each of the crops is planted to a very small area. The evenness is measured as 
the proportion of plot/farm occupied by the major crop in the plot and ranges from 0 to 1, 
whereas richness is measured as the different number of crop varieties in the farm plot. 
The mean value of the Herfindahl index for the sample is 0.53(see table 1), which 
indicates that farming households in this sample data show an inclination towards crop 
specialization.  
It is important to note here that the decision to grow which crops to grow as well as crop 
diversity depends not only on the farmer but also upon several factors like soil quality, 
weather, input costs, incomes, prices and many other endogenous factors. Rahman (2008) 
looked at the economic determinants of crop diversity in Bangladesh and found that crop 
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diversity depends on a variety of price and non-price factors. He found that falls in the 
prices of fertilizers and animal power services and a rise in the price of the cash crops 
increases the likelihood of diversification. It  is also positively affected by farm size, 
livestock ownership, farming experience, education, membership in the NGO’s, 
developed infrastructure, unavailability of irrigation and ownership of the operations. 
However, because we are mainly concerned about dietary diversity and its effect on 
nutritional status, this study will not go into detail about the determinants of crop 
diversity, but rather focus on the creation of crop diversity indices using data from this 
study. 
IV. Measuring Dietary Diversity : Household Dietary Diversity Score (HDDS)  
I created the Household Dietary Diversity Score (HDDS) to measure dietary diversity for 
these farming households. This measure has been devised by FAO as an indicator of 
measuring food security in many studies before. The HDDS or Household dietary 
diversity - the number of different food groups consumed over a given reference period - 
is an attractive proxy indicator for household food security and measuring nutritional 
outcomes for the following reasons (given by FAO): 
i. A more diversified diet is an important outcome in and of itself. 
ii. A more diversified diet is associated with a number of improved outcomes in 
areas such as birth weight, child anthropometric status, and improved hemoglobin 
concentrations. 
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iii. A more diversified diet is highly correlated with such factors as caloric and 
protein adequacy, percentage of protein from animal sources (high quality 
protein), and household income. 
iv. Even in very poor households, increased food expenditure resulting from 
additional income is associated with increased quantity and quality of the diet. 
USAID defines food security as, “when all people at all times have both physical and 
economic access to sufficient food to meet their dietary needs for a productive and 
healthy life.” Three distinct variables are essential to the attainment of food security: 1) 
Food Availability: sufficient quantities of appropriate, necessary types of food from 
domestic production, commercial imports or donors 2) Food Access: individuals have 
adequate incomes or other resources to purchase or barter to obtain levels of appropriate 
food needed to maintain consumption of an adequate diet/nutrition level; 3) Food 
Utilization: food is properly used, proper food processing and storage techniques are 
employed, adequate knowledge of nutrition and child care techniques exist and is applied, 
and adequate health and sanitation services exist  (USAID Policy Determination, 
Definition of Food Security, April 13, 1992). This definition has been kept in mind while 
selecting different right hand variables for measuring their impact on the three nutritional 
measures (HAZ, WAZ, and WHZ) as well.  
By using this index/score, I am able to adopt a two pronged approach. I am able to see 
not only how food secure the households are, but also observe if the household 
experiences dietary diversity as a result of crop diversity in homegrown production. To 
better reflect a quality diet, the number of different food groups consumed is calculated 
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using HDDS, rather than the number of different foods consumed. Knowing that 
households consume, for example, an average of four different food groups implies that 
their diets offer some diversity in both macro- and micronutrients. This is a more 
meaningful indicator than knowing that households consume four different foods, which 
might all be cereals. The following set of 10 food groups is used to calculate the HDDS 
from the sample data used for this study: 
A. Cereals 
B. Vegetables, roots and tuber 
C. Fruits   
D. Meat, poultry, offal , fish and seafood 
E. Eggs  
F. Pulses/legumes/nuts 
G. Milk and milk products 
H. Oil/fats 
I. Sugar/honey/gur/khandsari 
J. Miscellaneous food items like tea, coffee, cake, biscuits etc.  
As mentioned before, the dataset reported consumption quantity of different foods. For 
example, consumption of cereals like rice, wheat, barley, oat, bajra etc., vegetables like 
potatoes, onion, ginger chilies etc., meat, eggs, pulses like gram, urad, moong, moth etc., 
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oils from mustard seed, groundnut, castor seed etc., sugar from sugarcane, and so on, 
while fruit consumption was reported in Indian rupees. For the purposes of this analysis, I 
arranged these into different groups according to the categories defined above. And 
finally creation of HDDS was done as follows: 
1 Calculation of the HDDS 
Step I: Sum of the food groups 
HDDS(0-
10) 
Total number of food groups consumed by members of the household. 
Values for A through J will be either “0” or “1”. 
Sum (A + B + C + D + E + F + G + H + I + J ) 
 
I created the HDDS index for all the households in the sample data.  
V. Anthropometric variables: (height-for-age, weight-for-age, weight-for-height z-
scores) 
In order to observe the nutritional status the children in the sample households, I used the 
anthropometric data for these households/individuals reported by the dataset and created 
three anthropometric indicators. Existing studies use various anthropometric indicators 
such as weight, height, height-for-age, weight-for-age, weight-for-height etc. (e.g. 
Thomas, Strauss and Henriques, 1990; Thomas and Strauss, 1992) to measure child 
health in different countries, which often give rise to varying results depending on the 
choice of particular anthropometric indicator. While weight or height measures short-
term thinness or wasting, height-for-age and weight for age measure child growth relative 
to its potential and, therefore, reflect the extent of long-term deprivation and acute 
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nutritional crisis (Kynch and Maguire, 1998). Though height-for-age is considered to be a 
better indicator of stunting among children, and weight-for-age endorsed by the World 
Health Organization is most commonly used for child welfare work in India (Pal 1989). 
As I am interested in the long term as well as the short term nutritional status of children 
in the dataset, I created all three:  height-for-age, weight-for-age and weight-for-height 
indicators .The IHDS-1 survey used for this thesis included information about 
anthropometric measures (height and weight) for all the individuals in the sample. 
Anthropometric measurements are combined with each other or with other data to 
calculate anthropometric indices.  I used the WHO standards to calculate Z-scores (the 
deviation of an individual’s value from the median value of a reference population, 
divided by the standard deviation of the reference population) for anthropometric indices, 
using the ‘Multicenter Growth Reference Study (MGRS)’1 that was undertaken between 
1997 and 2003 to generate new curves for assessing the growth and development of 
children the world over. The three indices that I created and the nutritional problems that 
I measure with the help of WHO growth standards are:  
 
                                                          
1
 The MGRS combined a longitudinal follow-up from birth to 24 months and a cross-sectional 
survey of children aged 18 to 71 months for 8440 healthy breastfed infants and young children 
from widely diverse ethnic backgrounds and cultural settings (Brazil, Ghana, India, Norway, 
Oman and USA). The MGRS is unique in that it was purposely designed to produce a standard 
by selecting healthy children living under conditions likely to favor the achievement of their full  
genetic growth potential and the mothers of the children selected for the construction of the 
standards engaged in fundamental health-promoting practices, namely breastfeeding and not 
smoking. 
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Index  Nutritional problem measured 
Weight-for-height  Acute malnutrition (wasting) 
Height-for-age  Chronic malnutrition (stunting) 
Weight-for-age  Any protein-energy malnutrition (underweight) 
 
Calculation of z-scores 
I started with the calculation of z-scores from height, weight, age and measuring position 
information that was reported in the dataset. A z-score, or standard deviation, is a 
measure of the dispersion of data and it is used to express the distance between an 
individual child's weight and the average weight of comparable children in the reference 
population. The standard deviation is calculated from the actual collection of 
measurements. Standard deviations can also be called z-score, hence the terminology of -
2.0 z-scores (two standard deviations below the average) and -3.0 z-scores (three standard 
deviations below the average). The interpretation of these z-scores is summarized in the 
table below: 
Nutritional 
Status 
Z-Score ranges 
Normal -2 < z-score or SD 
Underweight Weight-for-age <-2 SD from the international reference median 
value 
Stunting Height-for-age <-2 SD from the international reference median 
value. 
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Wasting Weight-for-height <-2 SD from the international reference median 
value. 
 
As can be seen from the table above, each of the three anthropometric measures provides 
different information about growth and body composition of the child used to assess his 
nutritional status. WHZ measures the child’s current nutritional status. When a child is 
more than two standard deviations below the weight-for-height WHO standard reference 
mean (i.e. WHZ > -2SD), s/he is characterized as wasted or too thin for his height, a 
condition reflecting acute malnutrition. HAZ measures linear growth. When a child is 
more than two standard deviations below the height-for-age WHO reference population 
median (i.e. HAZ > -2SD), s/he is described as stunted or too short for his age, a 
condition that reflects chronic malnutrition. Finally, WAZ is a composite index of 
weight-for-height and height-for-age and thus does not distinguish between acute under-
nutrition (wasting) and chronic under-nutrition (stunting) (Chirwa et al. 2008). Weight-
for-age is considered a good indicator of population nutritional status because it captures 
aspects covered in both height-for-age and weight-for-height measures. A child may be 
underweight for his age because he is wasted or stunted or because he is both wasted and 
stunted. 
After I calculated the z-scores for all the children aged 0-5 in my sample dataset, I 
created the indicators for measuring the prevalence of stunting, wasting and underweight, 
using the definitions provided in the above table. 
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In table 1, I summarize these anthropometric measures, the mean z-scores for HAZ (height-
for-age), WAZ (weight-for-age) and WHZ (weight-for-height), and as we can see these 
values stand out as they are negative and seem very low on average (Mean HAZ= -1.745; 
Mean WAZ= -1.311; Mean WHZ= -0.494). These figures point towards the poor nutritional 
status of children in the sample households on average. If these mean values were a little 
lower (values less than -2), they would represent prevalence of stunting, underweight, and 
wasting respectively, indicating the widespread problem of protein energy malnutrition in the 
general sample population. Since HAZ is used to identify stunting (or chronic malnutrition) 
that is a long term measure, and WAZ is used to identify underweight (or any protein energy 
malnutrition) that is a short term measure, these numbers do not bode well for the children in 
these households. 
5.3 Summarizing Data and Discussion 
To get some idea about how homegrown consumption (Homegarden) affects the per capita 
consumption, dietary diversity (HDDS) and nutritional status of children (HAZ, WAZ, WHZ), I 
summarized the indicators for measuring per capita consumption, crop and dietary diversity, and 
child health, for households with and without homegrown consumption in table 2. We note that, 
except for meat, eggs and fruits, the mean consumption for all other food groups is higher for 
households with homegardens/homegrown consumption. The mean dietary (HDDS) score is also 
higher for the households with homegrown consumption (7.01 vs. 6.73).  Additionally, the mean 
value for the Herfindahl index, which is a measure of crop diversity is higher for households 
without homegardens (0.68 vs. 0.51), suggesting that households without homegardens have 
lower crop diversity as compared to households with homegardens (For Herfindahl Index values 
range from 0-1, 0 represents complete diversification and 1 represents complete specification). 
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On the other hand, the mean values for prevalence of stunting, underweight, and wasting do not 
seem to be very different, indicating that the presence or absence of homegardens does not affect 
the nutritional status of children. These results provide some support to my hypothesis that 
homegardens lead to a higher crop and dietary diversity in practicing households and also a 
higher mean consumption of different foods (except for meat , eggs and fruits). Again, the 
interpretations have to be taken cautiously because I did not control for income while calculating 
these means so some of the results might be driven by differences in income levels of the 
households. 
Delving deeper and shedding further light on how differences in the number of crops grown by 
the households (single crop vs. many crops) affect their per capita consumption, dietary diversity 
score (HDDS) and anthropometric measures, I use summary results from Table 3, I have divided 
the households with w/o homegardens into those that are monocropping (growing just 1 crop) 
and those that are multicropping (growing more than 1 crop). The first thing that comes to notice 
is that the majority of households are multicropping (77.5%) or growing more than one crop. In 
monocropping households, we observe that the mean per capita consumption of all the food 
groups except cereals is higher for households without homegardens than households with 
homegardens. The mean per capita expenditure on fruits and the dietary diversity score (HDDS) 
is also higher for households without homegardens. The mean prevalence of stunting and 
wasting is same for both the groups but the mean prevalence of underweight children is higher 
for households with homegardens. We can also observe that the mean income is higher for 
households without homegardens. If we look at the minimums for incomes across two groups, 
the minimum income for households without homegardens is a much larger negative number 
(Rs.-27895 vs. Rs. -7236.51). As has been discussed previously, households that are 
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monocropping or cash cropping may have a higher risk of being in debt or negative incomes as 
they usually invest all their resources on growing just one cash crop that may bring them a higher 
return, but if these crops fail due to any reason, they may have no way of diversifying their risk 
and may bear huge losses.   
For the multicropping households, the results are a little different. The households with 
homegardens have a higher per capita consumption of vegetables, milk, cereals, pulses, oil and 
sugar as compared to households without homegardens. They also experience a higher dietary 
diversity (HDDS) and although the differences are small but they have a lower mean prevalence 
of stunting and wasting and no differences in prevalence of underweight children as compared to 
households without homegardens. The mean income is also substantially higher, even though it 
can be noticed that the minimum income is a much larger negative number for households with 
homegardens. 
Comparing across monocropping households with homegardens and multicropping households 
with homegardens, it can observed that monocropping households with homegardens have a 
lower mean consumption for all the food groups, except for meat and eggs. They are also eating 
a less diverse diet (HDDS is lower). However, again the results for mean prevalence of stunting, 
underweight, and wasting are almost the same across both categories. The mean prevalence of 
stunting is slightly higher for multicropping households (49% vs. 47%), while the mean 
prevalence of underweight children and wasting is slightly higher for children in monocropping, 
i.e. (34% vs. 33%) and (16% vs. 14%) respectively. The mean total income is also higher for 
multicropping households. These results support the hypothesis that monocropping households 
with homegardens eat a poor diet as compared to the multicropping households with 
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homegardens; however, the same cannot be said about the nutritional status when comparing the 
monocropping and the multicropping households with homegardens.  
It can also be seen that multicropping households with homegardens are much better off when it 
comes to per capita consumption of all foods except eggs and meat, dietary diversity and mean 
prevalence for stunting and wasting, as compared to multicropping households without 
homegardens. But the same cannot be said about the monocropping households with 
homegardens.  
 Again, because I do not control for income when estimating these results, they might be driven 
by the income differences between the monocropping and multicropping households. 
 
5.4 Limitations of the dataset 
Firstly, while looking at the data it is important to note that majority of households in the sample 
dataset that have homegardens are farming families that grow at least some kind of crops. The 
non-farming families are mostly concentrated into the urban areas, and a very small percentage 
engages in homegardening or any other kinds of crop production for commercial/home 
consumption. It might be so because for the farming families, it is easier to grow crops for home 
consumption (using small patches of land even if they are commercial cropping), and a 
substantial percentage of families consume the crops they are growing.  Because of this reason, 
selectivity bias may have been introduced when looking at the nutritional status of children (ages 
0-5) in this data.  
Secondly, as mentioned before, another major limitation is that this dataset did not distinguish 
between farming for home production and farming for commercial production, and the 
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homegardening data that I use actually comes from the ‘consumption’ side of the dataset where 
the households reported whether the foods they were consuming were homegrown. This survey 
reports the price and quantity data for consumption over a 30--day recall period for food items 
such as vegetables, cereals, pulses, fruits and animal products. And it distinguishes whether the 
consumption is homegrown or purchased from markets. So I had to derive homegardening or 
home production information indirectly from the food consumption data collected from the 
households. For example, if they consumed any vegetables, they reported whether they were 
purchased or homegrown. Thus, the households that reported homegrown consumption for any 
of 8 food groups (Cereals, Pulses, Sugar, Oil, Eggs, Meat, Milk, Vegetables) in their 
consumption data are considered as households with homegardens and the rest without 
homegardens for the purposes of this thesis.  Since this information is based on the last 30-day 
recall period, the data might not be accurate, as it is difficult to recall what/ how much the whole 
household ate over a period of 30 days.  
Thirdly,  as mentioned before, the home consumption data for the category ‘Fruits’ was not 
recorded, but only a monetary value spent on the consumption of fruits by each household was 
recorded. So, even though the crop production data includes information about all the crops that 
the household grew over the last year including fruits, I could not derive home production data 
for fruit consumption for the households, and maybe missed data from households that consumed 
fruits from their own farms/ gardens.  
Fourthly, the lack of information on home grown crops/ homegardens also made it difficult to 
analyze other information like cropped area for homegardens, what kind of crops did households 
grow most in their homegardens, the input requirements for homegardens etc.,  which might 
have been useful for further analysis.  
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Lastly, this dataset contained a lot of missing values, so the size of the sample data for children 
aged 0-5 that was available to me for final analysis was reduced considerably from its original 
form. For example, the anthropometric like weight, height, head circumference etc. reported for 
children in the household had a large number of missing values. So even though, the original 
dataset reported 24314 children under the age of 5, after accounting for missing values in 
variables, I was left with a reduced dataset of less than 7000 children. 
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6. Empirical Methods  
As this thesis focuses on measuring the effects of dietary diversity on the nutritional status of the 
children, given the presence of homegardens and crop diversity in the household, we follow a 
step progression in estimating and building up to the final model for child health.  
First, I look at what is driving the households’ decision to have a home garden and the 
differences in their choices, with the help of regression equation (1). A household will choose to 
have a homegarden if the utility it derives from choosing a homegarden is greater than the utility 
from choosing not to have it.  And the households will try to maximize utility given the 
constraints and rationality assumption. I find out how different variables like income, education, 
food preferences, type of residence, religion, caste of the household and so on affect the 
prevalence of homegardens in the household. 
Then, I estimate the effect of crop diversity and homegardens on the household dietary diversity 
with the help of equation (2). In this equation, HDDS or index for household dietary diversity is 
the dependent variable, and on the right hand side, I include measure of crop diversity 
(Herfindahl Index), presence of homegarden (Homegarden) and control variables (Income, 
Religion, Caste, Urban and State). I also control for household age composition as children are 
likely to have different dietary needs or consumption than the adults in the household. 
And finally, I estimate effects of dietary diversity and homegardens on the nutritional status of 
children aged (0-5) with the equation (3). 
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6.1 Factors affecting Homegarden Choice Decision by Households 
With this analysis, I attempt to observe the factors that affect the household’s decision in 
choosing a homegarden. The choice behavior of the household will be determined by utility and 
the costs that the households associate with having a homegarden. I start with the assumption 
that householders are utility maximizers. Then, each household will have an indirect utility 
function, conditioned on whether they choose to have a homegarden or not, which gives them a 
payoff to their choice. A household will further optimize consumption given their choice. This 
choice will depend on a number of exogenous factors like availability of resources to the 
household for growing a homegarden, their tastes and preferences, household age composition, 
characteristics of the gardener and so forth.  
As such, let the utility from choosing homegardens be represented by UG and utility from not 
choosing them be represented by UNG. Then, if xn represents the exogenous factors affecting the 
household’s choice, a household will choose to have a homegarden if 
UG(x1, x2, xn, garden)> UNG(x1, x2, xn, nogarden)  
If the difference in the indirect utility of having a homegarden and maximum utility from not 
having be represented by y*, then  
y*=f(x, ξ)   
is a function of observed variables x and unobserved variables ξ. The x includes variables like 
land owned and cultivated, availability of water, household size, household income, religion, 
caste, state, whether they live in an urban or rural area, if the household is vegetarian, mother’s 
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education and employment status and so on. The nature of this function will depend upon the 
nature of utility and the sources of the unobserved variables ξ 
If the gain in the indirect utility from choosing a homegarden is given by  
y*=βx-ε,  
where ε represents the disturbance or the error term, the utility maximizing household will 
choose homegardens if y*>0 or ε<xβ. The probability this occurs is  
              
where F is a cumulative distribution function (CDF). 
 Let the observed behavior be y, and let y =1 if Homegarden is chosen and y=0 if not, then the 
probability law governing this observed behavior will be  
                                          
I use logistic regression model to solve the above equation. A logistic regression model allows us 
to establish a relationship between a binary outcome variable and a group of predictor variables. 
It models the logit-transformed probability as a linear relationship with the predictor 
variables. So, if P is the probability of y to be 1, and x1... xn are the set of predictor variables.  
Then the logistic regression of y on x1... xn estimates parameter values for β0, β1.  . . βk via 
maximum likelihood method of the following equation will be given as:  
logit (P) = log (P/ (1-P)) = β0 + β1*x1 + ... + βn*xn 
In a functional form, the above equation can be summarized as: 
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                                                       (1) 
where; 
   represents a dummy variable which is equal to 1 if the household chooses to have 
homegarden and equal to 0 if it does not; 
            represents the household’s highest female adult education counted in years; 
           is a dummy variable which is equal to 1 if the mother has worked for 240 
hours outside home in a year and equal to 0 if not; 
            is a dummy variable which is equal to 1 if the household is vegetarian, and 
0; 
                   is a variable that is used to measure the area of land that the 
household owns and cultivates 
                  is a variable that has been used to measure the walking time in 
minutes one way to get the water for household use  
        is a dummy variable used to capture the sanitation level of the household. It is 
equals to 1 if the household has a toilet inside the house and equals to 0 if not 
        is a dummy for capturing the effect of type residence. If the household is in 
urban area, it is 1, else 0; 
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          represents a series of dummy variables for different religions; namely Hindu, 
Muslim, Christian, Buddhist, Tribal and Others; 
      2 represents a series of the dummy variables for different castes; namely Brahmin, 
Other Backward Caste (OBC), Scheduled Castes (SC), Scheduled Tribes (ST), and 
Others; 
       represents a series of dummy variables used to capture the effect of different 
geographical and state-wise differences; namely and 
   is a vector to represent the total annual income for the h
th
 household;       is used to 
capture the unobserved characteristics  
 
The probability of having a homegarden is affected by different factors, namely income, taste 
preference, education, religion and caste, residential location , geographic region and so on. The 
presence of homegarden in a household may depend on several ecological and socio-economic 
factors. However, since the original data did not report soil quality, rainfall levels, etc., I could 
not include the any ecological variables in my model. Ali et al. (2005), find in their study of 
homegardens in Bangladesh that the smallholders with high household populations cultivate 
larger numbers of plant and animal species and there is an extensive use of the labor of 
household women and children, while the men work in non-homegarden farmlands, so I include 
household size and no. of children in the household as RHS variables. Easy availability of 
household members to labor in the homegarden could be a factor in households choosing to have 
homegardens. The variable highest education attained by females in the household is included 
                                                          
2
 Articles of the Indian Constitution list certain castes (primarily the former "Untouchables") and culturally distinct 
tribes as requiring special consideration. These castes and tribes form the "scheduled castes and "scheduled" 
tribes. The OBC, SC, ST are traditionally considered to be economically weaker and backward castes and tribes 
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because if gardeners are mostly women as studies suggest, then their education levels should be 
able to explain reasons behind choosing to grow a garden as they are likely to be more concerned 
about household nutrition. So, I added the variable ‘FemaleEd’ that captures the highest 
education level attained by any of the  female household members. It ranges from 0-15, 
representing years of education.  Mother’s employment could also affect this choice because if 
women work out of the homes, they might have lesser time to invest in gardening food. Also, 
with an additional income, they would be more likely to buy food from markets. So, households 
might choose not to have homegardens. On the other hand, additional income might mean more 
resources to invest in homegardens. 
Dietary preferences could also affect the homegarden choice. A vegetarian household is more 
likely to choose to have a homegarden to grow vegetables. So, I add the variable ‘Vegetarian’ on 
the right hand side of the model, which is a binary variable with values equal to 1, if the 
household does not eat any kind of meat, fish or egg products, and equal to 0 otherwise.  
I include the variable ‘Walking time to water’ because if water is not easily available to the 
household, they may choose not to grow a homegarden as they will face higher costs. Also, more 
the time for fetching water, lesser time they have to spend on growing  homegardens. 
I also include a dummy variable ‘Toilet’ which is equals to 1 if the household has a toilet in the 
household and 0 if not. I use this as a proxy to observe the mindset or how advanced and aware 
is the household. Also, a household with care towards their hygiene is more likely to choose a 
homegarden,, especially in rural areas where levels of literacy and public health knowledge are 
lower. 
Amongst socio-economic factors, I wanted to test how income affects the presence of 
homegardens in the households. The literature suggests that homegardens could be a great 
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resource to poor households in harsh times by being a source of not only homegrown food but an 
extra source of income. So, poor households are more likely to have homegardens. On the other 
hand richer households may have more resources to invest in their homegardens. Also, if farmers 
are already growing some crops, sparing some land to grow crops for their own consumption 
may be more likely. Hence, it is important to establish a relationship between income and 
homegardens. The literature also suggests that the intensity of cultivation of homegardens is 
higher among the near landless and smallholders than medium- and large holders. So I include 
the variable ’Area owned and cultivated’, to measure the land owned and cultivated by 
households and observe the effects on their choice. 
Other variables I include are religion, caste of the households, states they reside in and a dummy 
variable ‘Urban’. Since, a majority of the sample is rural; I add a binary variable ‘Urban’ to 
capture the differences in rural-urban settings. Also, as religion and caste play a big role in 
defining dietary preferences of Indians, I included dummy variables for different religions and 
castes. Finally, I suspect that different states may have some effect on the presence of 
homegardens. As I discuss in detail later in this thesis, Indian states vary not only by levels of 
economic development and government policies, but also geography, languages, and dietary 
preferences. So, I added control variables for different states to account for these differences. 
These could have a significant effect on the household’s choice of having a homegarden or not 
according to the utility and costs that they derive given these differences. 
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6.2 Effect of crop diversity index and homegardens on dietary diversity of the 
household (HDDS)  
This model estimates the effects of crop diversity and having a homegarden on the household 
dietary diversity. I hypothesize that a higher crop diversity and presence of homegardens 
increases the household dietary diversity. I add control variables in this model too to control for 
income, religion caste, state and residence. 
                                             
             
                                
(2) 
 
         
      is the variable used to measure household dietary diversity in the last month for 
the h
th
 household ; 
     represents the crop diversity experienced by  the h
th
 household in the last year; 
   represents a dummy variable which is equal to 1 if the h
th
 household has a 
homegarden 
  and 0 if it does not; 
           represents a series of variables to include household age composition for 
the h
th
 household. It includes the variable ‘NPERSONS’ is equal to household size, 
‘PNCHILD0_5’ which is equal to the percentage of the children in ages 0-5 in the 
household, ‘PNCHILD6_14’ which is equal to the percentage of the children in ages 6 to 
14 in the household, ‘PNTEEN’ which is equal to the percentage of the teens in the 
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household in ages 15 to 21, and finally ‘PNADULT’ which h is equal to the percentage 
of the adults in the household that have ages 22+; 
   is a vector to represent the total annual income and the square of the annual total 
income for the h
th
 household; 
          represents a series of dummy variable for different religions; namely Hindu, 
Muslim, Christian, Buddhist, Tribal and Others; 
       represents a series of the dummy variables for different castes; namely Brahmin, 
Other Backward Caste(OBC), Scheduled Castes(SC), Scheduled Tribes(ST), and Others; 
       represents a series of dummy variables (for different Indian states) that is used to 
capture the effect of different geographical and state-wise differences; namely Jammu 
Kashmir, Himachal Pradesh, Punjab, Uttaranchal, Delhi, Haryana, Rajasthan, Uttar 
Pradesh, Bihar, Arunachal Pradesh, Manipur, Meghalaya, Tripura, Assam, West Bengal, 
Jharkhand, Orissa, Chhattisgarh, Madhya Pradesh, Gujarat, Dadra Nagar Haveli, 
Maharashtra, Andhra Pradesh, Karnataka, Goa, Daman Diu, Kerala, Tamil Nadu, and 
Pondicherry;  
   is used to capture unobserved characteristics  
 
6.3 Effect of dietary diversity (HDDS), and homegardens on nutritional status 
measured by HAZ, WAZ and WHZ 
And finally, following UNICEF (1990), Chirwa et al.(2008) and Linnemayr et al.(2008) papers, I 
estimate the nutritional outcome of individual child i measured by standard anthropometric 
measures that has the following empirical model: 
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(3) 
 
where; 
   represents the nutritional status for the i
th
 child, measured by WAZ,(Weight-for-age z-
scores),HAZ( height-for-age z-scores)and WHZ(Weight-for-height z-scores) 
    represents mother’s variables for individual i
th
 child ; 
    represents individual i
th
 child’s variables; 
    is the h
th
 household’s environment; 
Yh  represents household welfare measured by total income; and  
   represents unobservable characteristics 
 
The economic rationale for the analysis of child health is usually derived from household 
decisions regarding the allocation of resources, which had originated with Becker (1965) and 
Becker and Lewis (1965). In the standard model, a household maximizes its utility from the 
quantity and quality of the children and also the consumption of other commodities subject to a 
budget constraint, which in turn determines the optimal values of consumption and also the 
optimal quantity and quality of children. But for the short-run analysis of child health (because 
we consider cross-section variation among the sample for a given year), I will assume quantity of 
children and their birth order to be predetermined and thus ignore the dynamics of fertility and 
consumption choices and their implications for child health (Pal,1988). I discuss the 
determinants of nutritional status of children, in detail, after I define the extended form empirical 
models, and define the set of right hand variables for each. The first extended form model has 
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weight-for-height indicator as the dependent variable, the second extended form model has 
height-for-age indicator as the dependent variable and the third extended form model has weight-
for-height indicator as the dependent variables. The right hand side variables include child 
characteristics, household characteristics, caregiver characteristics, community characteristics 
and control variables. 
The functional form equations for this model are: 
6.3.1  
                     
                                       
                                                  
                                                
                       
6.3.2  
                     
                                       
                                                  
                                                   
                       
 
 
6.3.3  
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      represents Weight for Age z-scores for the i
th
 child; 
      represents the Height for Age z−scores for the i
th
 child; 
      represents the Weight for Height z−scores for the ith child; 
      is the i
th
 child's age; 
     
  is the squared term of i
th
 child's age; 
         is the i
th
 child’s gender; 
          represents a series of dummy variable for different religions for the child; 
namely Hindu, Muslim, Christian, Buddhist, Tribal and Others; 
       represents a series of the dummy variables for different castes; namely Brahmin, 
Other Backward Caste (OBC), Scheduled Castes (SC), Scheduled Tribes (ST), and 
Others; 
   is a vector to represent the total annual income and the square of the annual total 
income for the h
th
 household 
           represents a series of dummy variable for different religions; namely Hindu, 
Muslim, Christian, Buddhist, Tribal and Others; 
       represents a series of the dummy variables for different castes; namely Brahmin, 
Other Backward Caste(OBC), Scheduled Castes(SC), Scheduled Tribes(ST), and Others; 
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           is the land owned by the h
th
 household that the i
th 
child lives in, measured 
in tenth of acres; 
        is a dummy for residence. If the h
th
 household is in an urban area, it is 1, else 0; 
           is the father’s education counted in years; 
           is the mother’s education counted in years; 
           is a dummy variable for mother’s employment. If the mother worked equal 
to or more than 240 hours in the last year, it is 1, else it is 0; 
    is a dummy variable, it is 1 if the households have a homegarden, and else it is 0; 
              represents a series of dummy variables used to measure sanitation for 
the household and identifies the sources of water procurement for the households; namely 
‘Well Water’ that includes the water from open wells, covered wells and tube wells, 
‘Piped Water’ that includes water from water pipes in households, and ‘Other’ dummy 
variable that includes water from hand pumps, rivers, pond, truck, bottled, rainwater and 
other miscellaneous sources of water procurement.    
       is the household dietary diversity score (2-10); 
       represents a series of dummy variables (for different Indian states) that is used to 
capture the effect of different geographical and state-wise differences; namely Jammu 
Kashmir, Himachal Pradesh, Punjab, Uttaranchal, Delhi, Haryana, Rajasthan, Uttar 
Pradesh, Bihar, Arunachal Pradesh, Manipur, Meghalaya, Tripura, Assam, West Bengal, 
Jharkhand, Orissa, Chhattisgarh, Madhya Pradesh, Gujarat, Dadra Nagar Haveli, 
Maharashtra, Andhra Pradesh, Karnataka, Goa, Daman Diu, Kerala, Tamil Nadu, and 
Pondicherry;  
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As mentioned before dependent variables in this nutritional status model are anthropometric 
measures of WAZ or weight-for-age Z-scores  representing the overall measure of malnutrition 
(underweight), HAZ or height-for-age Z-scores as an indicator of chronic malnutrition (stunting) 
and WHZ or weight-for-height Z-scores representing acute malnutrition (wasting). The Z-scores 
are age-standardized normalized growth curves used to compare children of all ages. They 
express the nutritional status of a child in standard deviations from a median, using WHO 
standards. 
The explanatory or independent variables fall into child characteristics, household characteristics 
(including crop and dietary diversity characteristics), caregiver’s characteristics, community 
variables and control variables (including income, urban, religion, caste and state). 
The child characteristics include the gender of the child, the age of the child, religion and caste 
of the child. The gender of the child is captured by a dummy variable equal to 1 for female child 
and zero for male child. If there are gender biases in the care of children, I expect male children 
to be better nourished than female children if male children are favored and the converse is true. 
Sex (Rosenzweig and Schultz, 1982; Morduch and Stern, 1997) and birth order (Dasgupta, 1987; 
Behrman, 1988aBehrman, 1988b) may also reflect the weights a household attaches to different 
children in the allocation of its resources. Studies have found gender bias/preference for boys in 
most South Asian countries including India. By nature, excess male mortality is the biological 
norm and is common in most developed and the underdeveloped countries (Preston and Weed 
1976; Hammoud 1977; United Nations 1983). Thus, persistent excess mortality among females 
would suggest that females are not as valued as males in these countries because of various 
economic and non-economic reasons. The child's expected future contribution to the material 
needs of the household depends primarily on the expected participation of males and females in 
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economic production. If females are less likely than males to participate in income-generating 
activities and contribute to the family's material assets their economic worth is diminished.  On 
the other hand, the widespread practice of a dowry payment when females marry constitutes a 
net drain on family resources.  And because of these reasons, preference is much higher for 
males in many parts of India.  Morduch and Stern (1997) find that there is gender bias in 
childhood height-for-age in Bangladesh, however there are other studies that have been unable to 
find any significant empirical evidence of bias against female children in nutritional intakes 
(Deaton, 1989).  
The age of the child has an upper bound of 5 years and is measured in months. For a child of a 
given sex, age is an important determinant of the physiological characteristics which convert 
consumption into nutrition and nutrition into higher productivity and, therefore, higher earning 
potential. However, the relationship between nutrition and age may be curvilinear, and therefore 
age is squared as one of the explanatory variable. For older children, it is possible to take the 
initiative in finding food for themselves when there is little or no food in their homes, which 
would not be possible for very young children. 
The household characteristics include the income, household size, own land sizes, having a 
homegarden, household crop diversity index (Herfindahl), and household dietary diversity index 
(HDDS). 
Family size reflects the number of units among which household resources need to be allocated 
according to the weights of each unit.  Horton (1984) used household data from the Philippines 
to examine jointly household decisions on family size and child quality, using nutritional status 
as a measure of quality. The results suggested that there are significant substitutions away from 
larger families and towards higher quality children with higher maternal and paternal education.  
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Within the conceptual framework of nutrition, the caregivers’ characteristics (mother’s 
education, mother’s employment and father’s education) are important in determining nutritional 
outcomes (Engle et al., 1999). Therefore, this analysis includes mother’s education as an 
independent variable in the model. Pal (1989) using an ordered probit model, analyzed the nature 
of nutritional status derived from childhood weight-for-age among male and female children in 
the late 1980s in rural India, and her results suggest that female literacy plays a positive role in 
explaining nutritional outcomes. Chirwa et al. (2008) note that education affects caregiving 
practices through the ability to process information, ability to acquire skills and the ability to 
model behavior. It can be hypothesized, therefore, that educated parents or caregivers are 
associated with high child nutritional status as they are better able to use health care facilities and 
ensure high standards of environmental sanitation. Other studies have noted that highly educated 
women tend to work outside more making it difficult for them to give sufficient time to 
breastfeed, attend to nutritional needs of the children or make use of other public/community 
services that would improve the nutrition status of children (Glick and Sahn (1998)).  The 
variables used to represent the mother’s education and the father’s education both for analysis 
refer to the total completed years of education. They range from 0 to 15 years of education for 
both the mother and the father. It is expected that both the father’s education and mother’s 
education variables will be positive. 
With regards to women’s employment, it is recognized that it gives women more autonomy and 
decision-making powers in the household. But, on the other hand, Kishor (1993) finds that low 
economic and cultural worth associated with women lead to high gender inequality mortality 
ratios, using a cross-sectional dataset of children (ages 0 to 5) from more than 350 Indian 
districts. She also observes that labor force participation of women is positively associated with 
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relative female survival, but she attributes this to the finding that in her data, high rates of female 
labor force participation are associated with high mortality of both males and females. She 
suggests that this might be because of the decreased time devoted to child-care activities when 
women are in the labor force. Therefore, in the final analysis, a dummy variable of mother’s 
employment that captures economic empowerment has been included. Mother’s Employment 
variable used for the analysis a dichotomous dummy variable that captures the information about 
the mother’s employment. IHDS collected labor force participation data based on its extensive 
income questions. Within each income section, IHDS asked who in the household participated in 
this activity and what their level of participation was. For purposes of this measure, they must 
have reported working at least 240 hours in that activity in last year to be coded as working. 
Therefore if the mother is working (at least 240 hours in a year) the variable value is equal to1, 
and equal to 0 otherwise. This variable is expected to be either negative or positive.  
The HDDS diversity index measures the diversity in the diet of the household members, and was 
constructed using FAO guidelines. If the diet is diverse, I hypothesize a better nutritional status 
for children. To construct this index, the food items consumed by members were grouped into 10 
categories: Cereals, Pulses, Vegetables, Milk, Eggs, Meat, Fruits, Sugars, Oil Fats, and Other 
Miscellaneous foods like tea, coffee and spices. Each category was given a score of 1, so if the 
household consumed any of the cereals (wheat, rice, oats etc.), they were given a score of 1 and 0 
if they did not, and so on for the other groups. A higher score reflects higher dietary diversity. 
The crop diversity in the homegardens is measured with the help of Herfindahl index. This index 
has been already explained in more detail when I discuss measuring crop diversity in the 
previous Chapter 5. I hypothesize that households that have homegardens with greater crop 
diversity tend to have children with better nutritional status.  
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The community variables include water sources, and the residence of the household. The water 
source is measured by dummy variables for piped sources of water, well water and then other 
water sources like lake, rivers, bottled water, handpumps, rainwater etc. These variables capture 
the effect of sanitation on child nutrition and good potable water is likely to enhance the nutrition 
status of children. 
 
6.4 Control Variables (Used in all the regression models) 
Income: In the empirical estimation of these equations, total income is included to capture the 
welfare effects of poverty on the availability of calories at household level. It is expected this 
variable will be positive in relation to HDDS and the all the three anthropometric measures. A 
squared term of income is also included in the models to capture the nonlinearity of welfare in 
household dietary diversity in equation (2), and on nutritional status in equation (3) (Chirwa et 
al., 2008).  
 However, estimation of equation (3) by ordinary least squares (OLS) is likely to yield biased 
estimates because of the endogeneity of income in the nutritional status equation. For example, 
the poor nutritional status of children in the household may reflect the lack of adequate calories 
available to the household that may in turn affect the health status of adults. The poor health of 
adults may negatively affect their income-earning potential and demand for calories that may 
adversely affect the nutritional status of the children and members of the household. If 
endogeniety is present, the OLS estimators may not be consistent and this could lead to upward 
bias in the estimates. Upward bias in nutritional status estimate, which results from endogeneity 
of household income, is known as simultaneity bias. As discussed before, this type of bias occurs 
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because household income and child health are likely to be jointly determined because household 
labor or time spent in market work may subtract from time spent caring for children in the 
household by the caregivers (Gibson, 2002). Another form of bias that may arise from 
endogeneity of income is omitted variable bias (Aromolaran, 2004). I would not be dealing with 
the problem of endogeneity in this study, but one of the ways to tackle this problem is by using 
2SLS (Two Stage Least Squares) regression method and Instrumental Variables (IV), something 
which could be considered in the future versions of this study. Income is one of the most 
significant variables in determining the child's nutritional level, as has been determined by 
various studies. To a large extent, it determines the amount of different inputs (e.g., food, 
clothing, residence, sanitation, medical care etc.) into the child health production function 
(Behrman and Wolfe, 1982; Behrman and Wolfe, 1984; Thomas, Strauss and Henriques, 1990; 
Thomas, Strauss and Henriques, 1991).  
In Table 4, I summarize nutritional status of children, including stunting, wasting, and 
underweight by different income levels. The ‘Negative’ income level includes household that 
have very low or negative incomes(with mean annual income equal to  Rs. -7926) while the 
‘Affluent’ income level represents the highest income (with mean annual income equal to Rs. 
148,030) households. These mean values point towards the large income gap between the highest 
and lowest income categories. If we look at mean prevalence of stunted and underweight 
children, the first thing to note is that the mean values are high across all the income levels, 
especially for stunting. For the lowest income group, approximately 53% of children are afflicted 
with stunting and 35% of children are underweight. There is a difference of more than 10 
percentage points between the lowest and the highest income for prevalence of stunting as well 
as prevalence of underweight children indicating the positive effect of income on the nutritional 
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status (measured using HAZ and WHZ) of children. However, for the prevalence of wasting, the 
mean values are much lower with values ranging from 12% to 16% of population, and the 
percentages are also not very different across the income levels, indicating that wasting in 
children is not as widespread compared to stunting and underweight. Also income seems to have 
little effect on the prevalence of wasting.   
Religion and Caste: The religion of the household head represents a series of categorical 
variables with seven commonly reported categories (Hindu, Muslim, Christian, Sikh, Buddhist, 
Jain, and Tribal), plus a residual “Other” category and “None”. (IHDS staff analyses have shown 
that using both religion and caste separately is generally more informative when analyses permit 
– “caste” distinctions among non-Hindus are often substantial.) Similarly, to capture the effects 
of caste, the variable caste is used to represent a series of categorical variables in the models with 
five categories- Brahmin, OBC (Other backward classes), ST (Scheduled Tribes), SC (Scheduled 
Castes) or Other. I expect religion/caste to have some effect on the earning capacity of a 
household and the nutritional status as Indian society has traditionally been a divided and casteist 
society, which affects not only diets, but education, employment and marriage decisions as well. 
The Brahmins are the highest caste amongst Hindus and are usually well educated and well off. 
Whereas the ST and SC (Scheduled castes and Scheduled tribes) are the lowest rung of the 
societal ladder and the majority have traditionally engaged in menial labor. Most Hindus 
including Brahmins, Jains, and Buddhists are vegetarians and do not eat meat, fish or egg 
products but a majority of Muslims and ST and SC do. 
With table 5, we can observe the difference in per capita consumption of different food groups 
according to religions and castes, which make up the Indian cultural and social fabric. As can be 
seen, the ‘Other’ category which includes miscellaneous minority religions has the highest mean 
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per capita consumption of vegetable and the Hindus have the second highest average per capita 
consumption of vegetables. Muslims have the highest per capita consumption of cereals and 
eggs; whereas the highest average per capita consumption of meat products is by Christians and 
of pulses is by Buddhists. The Sikhs have the highest per capita consumption of milk, oil, sugar 
and spent the highest on fruits too. It is interesting to note here that their consumption of milk 
and sugar is almost three times higher than the second highest per capita consumption of milk 
and sugar by Hindus. Their per capita consumption of cereal is also high at 13.98 kgs per person. 
These differences may be due to income, but another reason might be that Sikhs are mostly 
concentrated in the small northwestern state of Punjab, where agriculture is the largest industry. 
Punjab is the single largest producer of wheat in India and also amongst the top four states in 
terms of milk production; as such a lot of farming families are located in this state and the 
analysis of dataset (not shown in the tables) shows that homegrown consumption is coming 
majorly from rural areas in Punjab. In India, sugar is an essential item of mass consumption and 
the cheapest source of energy for the poor (Indian Government subsidizes sugar prices), 
especially consumption of ‘gur’ (solidified cane juice) and ‘khandsari’ (semi-white centrifugal 
sugar) is high in rural areas. These things might explain why Sikhs show such high consumption 
patterns for milk and sugar.  The lowest per capita consumption of vegetables is by Buddhists, 
the lowest per capita consumption of meat is by Sikhs, and the lowest per capita consumption of 
milk is by ‘Other Religions’ (consumption is almost equal to 0 liters). The tribal community has 
the lowest per capita consumption of eggs, pulses, oil sugar and the lowest per capita expenditure 
on fruits.  
 Amongst all the castes, Brahmins have the highest average per capita consumption of 
vegetables, milk, pulses and per capita expenditure on fruits. They also have the lowest per 
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capita consumption of meat and egg products. Indian diets are strictly based upon religion and 
caste. These results are not surprising as Hindus, Buddhists and many Sikhs are predominantly 
vegetarians and avoid meat, fish or egg products, whereas Muslims tend to be non-vegetarians 
and consumption of meat, fish and egg products is high amongst them. The Brahmin caste 
(highest caste amongst Hindus) is mostly well off and vegetarians. The Scheduled Tribes have 
the lowest per capita consumption for vegetables, milk, pulses, oil, sugar and lowest per capita 
expenditure on fruits. According to a Government of India report, in most of the states, more 
than 60 percent of the Scheduled Tribes reside within 5 km distance from the forest and are 
mostly dependent on forest based activities for their subsistence. A large percentage of Tribal 
Scheduled Tribes that live close to forest areas constitute the most disadvantaged section of 
society based on per capita income, literacy rate, health status and lack of access to basic 
amenities.  Also, in 2010, more than 90% of the Scheduled Tribes were living in the in rural 
areas and are much less present in the non-farm sector. Their economy is less diversified and it is 
largely based in and around agriculture. Therefore, these low per capita consumption values are 
not surprising.  
Also, we note that for these data, the prevalence of stunting is the highest amongst children from 
‘Others’ category that only has 8 observations but the mean prevalence of stunting is almost 
63%, with Muslim children coming in at second place with mean prevalence of stunting at 52%. 
The lowest mean prevalence of stunting is for Christian children, which is still high at 30%. The 
Hindus and the Tribal groups, both have the highest prevalence of underweight children; and 
prevalence of wasting is also the highest amongst tribal groups. The Sikh children seem to have 
the lowest mean prevalence of underweight and the ‘Other’ religion category again has the 
lowest mean prevalence of wasting at 0%. Since this is a little unexpected, I searched for the 
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definition and tried to find which religions were included in the ‘Others’ category, in the 
documentation as well as the questionnaire to understand these results, but could not find any 
details.  
For the castes, as expected, the Brahmins have the lowest prevalence of stunting, underweight, 
and wasting. On the other hand, the Scheduled Tribes have the highest prevalence of stunting, 
underweight and wasting. The Scheduled Castes also have the highest prevalence of stunting. 
More than 50% of the sampled children for SC and ST are suffering from stunting.   
States: These cultural and social differences are also extended along state lines. Different parts of 
the country vary geographically and follow different cultures and customs, speak different 
languages and eat entirely different kinds of food. The level of development, both economic and 
infrastructural also varies from northern India to southern India, and eastern to western India. 
India’s seven poorest states - Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Orissa, 
Rajasthan, and Uttar Pradesh, fall behind their more well-off counterparts and are home to more 
than half of India’s poor (World Bank 2009). Hence, it is important to acknowledge these 
differences when looking at the crop diversity, dietary diversity and nutritional status of children 
for India.  
Thus, controls for religion, caste, and states have been added in all the regression models 
estimated in this thesis.  
Urban: Urban identifies every primary sampling unit that was in an urban area as identified by 
the 2001 Indian census and is used in the analysis as a dummy variable. If it is equal to 1, it 
indicates households in the urban areas and if equal to zero, households are in the rural areas. 
Nutrition education may be more available in urban areas, and therefore better child nutrition 
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outcomes are expected in the urban areas. Also, it is expected that urban areas will have better 
facilities of transportation, access to markets and resources that could help households acquire 
food and other necessities. 
I summarize the results from these three models (6.1-6.3) in theTables 6-8 
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7. Results and Discussion 
I start with the discussion of regression results with the tables 6-8. The table 6 shows the results 
from running a logistic regression with odds ratio, depicting the estimated values for factors that 
affect a household’s choice on having or not having a homegarden. We can observe that the odds 
ratio for family size (NPERSONS) is greater than 1 and significant at the 1% level. This can be 
interpreted as for a one-unit increase in family size we expect to see an increase of about 31%   
in the odds of having a homegarden, other things being equal. This is as hypothesized. On the 
other hand, with one-unit increase in the number of children, the odds of having a homegarden 
decrease by almost 22%. This was not expected as I hypothesized that the number of children 
should increase the probability of choosing a homegarden too. The odds ratio for female 
education variable is also as expected (and significant at the 5% level) and shows that with one-
unit increase in the number of years of female education, the odds of choosing a homegarden 
increase by 5%. The Mother’s employment variable is highly significant at the 1% level and 
indicates that if the mother is employed, the odds of choosing a homegarden increase by almost 
2.7 times. We can also observe with a one-unit increase in the amount of area owned and 
cultivated by the household, the odds of choosing a homegarden increase by 0.9%.(significant at 
the 1% level) This is also as expected. The odds ratio for variables ‘Vegetarian’, ‘Walking Time 
to water’ and ‘Toilet’ contradict my hypotheses about these variables but they are not significant 
even at the 70% levels. 
Residence in an urban area also decreases the odds of choosing a homegarden by 76% 
(significant at the 1% level). This is as hypothesized. Odds ratio for income is positive but not 
significant. For the set of variables representing religion, only the odds ratio for ‘Muslim’ and 
‘Tribal’ is significant at the 1% and the 5% respectively. It indicates that, other things being 
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equal, as compared to Hindus, being from a Muslim household decreases the odds of choosing a 
homegarden by 75%, while being from a Tribal household increases the odds of choosing a 
homegarden by almost 2.9 times. Both these results make sense as Hindus are mostly vegetarian 
and get majority of their nutrition from cereals, vegetables and fruits, while Muslims are mostly 
meat eaters or non-vegetarians; tribal people in India still mostly live in rural/forest areas and are 
engaged in self sustaining agricultural practices. Caste wise, as compared to Brahmins, being 
from a Scheduled Caste (SC) household decrease the odds of choosing a homegarden by 70%. 
This seems correct as Brahmins are pure vegetarians, not even eating any eggs or egg products as 
compared to all other castes, so they are more likely to choose a homegarden. On the other hand, 
people from Scheduled Castes have no such dietary restrictions. Most of the results are as 
expected and as hypothesized. 
From the table 7, we can examine the effects of presence of the homegardens and the crop 
diversity (Herfindahl Index) on the dietary diversity index (HDDS), after controlling for income, 
household age composition, residence (urban/rural), religion, caste and states. The Herfindahl 
crop diversity index coefficient has a negative sign and significant at the 10% significance level. 
As discussed before, values on crop diversity index range from 0-1 and a lower value signifies 
higher crop diversity, which means a lower value of the crop diversity index leads to higher 
HDDS. Therefore, it can be interpreted as, the more diverse the crops that the households grow, 
the higher the dietary diversity. The dummy variable ‘Homegarden’ has a positive coefficient, 
which is significant at the 5% significance level. The results are as expected and support my 
hypothesis that the presence of a homegarden and higher crop diversity lead to a higher dietary 
diversity in the household.  
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The coefficients of income and square of income are positive and highly significant (at the 1% 
level) indicating that higher income leads to a higher household dietary diversity and that the 
quadratic relationship between income and dietary diversity index is significant, although the 
size of the quadratic coefficient is very small. Looking at the variables included to control 
household age composition, it can be observed that the household size significantly affects the 
household dietary diversity (at the 5% level). In general, it means that a greater household size 
leads to a higher dietary diversity. The coefficients for variables that represent percentages of 
children, teens and adults are positive and but not significant. 
The coefficient for ‘URBAN’ is positive and significant at the 5% level, indicating that a 
household residence in an urban area leads to a higher household dietary diversity as compared 
to a residence in a rural area. 
 Being from the Muslim religion has a significant (at the 10% level) and a positive effect on the 
household dietary diversity, as compared to a household from Hindu religion. As discussed 
before, Muslim households include meat and egg products in their diets, so that could explain a 
higher dietary diversity as compared to Hindus. On the other hand Tribal households have an 
indirect relationship with household dietary index as compared to a Hindu household.  
The coefficients for caste dummy variables ‘OBC’, ‘SC’ and ‘Other Castes’ are highly 
significant (at the 1% level) and positive. This indicates that as compared to Brahmin 
households, these caste categories have a higher dietary diversity, which is not surprising.  As 
discussed before, although Brahmins are traditionally the more well off and educated caste in 
Indian society, a reason for this relationship could be that most Brahmins are traditionally 
vegetarians and do not consume any egg or meat products; some of them even abstaining from 
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vegetables like garlic and onions as these are grown underground and considered impure 
according to some beliefs.  
The table 8 shows the results from the set of regression equations 6.3. With this regression, I 
attempt to look at the effects of dietary diversity (HDDS) and homegardens on the nutritional 
measures (HAZ, WAZ, and WHZ) for the children (ages 0-5).  As can be seen from the table, the 
dietary diversity (HDDS) coefficient is negative for all the three nutritional measures, but it is 
not significant for HAZ and WHZ. For WAZ, the HDDS coefficient is significant at the 5% 
significance level.  The results show that higher dietary diversity leads to a lower WAZ score. 
This is not as expected and contradicts the hypothesis that I previously wanted to test that a 
higher dietary diversity leads to a higher nutritional status in children.  Having a homegarden is 
associated with a positive and significant (at the 10% level) effect on the HAZ for children while 
a negative and significant (at the 5% level) effect on WHZ. The coefficient for ‘Homegarden’ is 
not significant for WAZ. The results are only as expected for HAZ, as the ‘Homegarden’ 
coefficient is significantly positive in this case, indicating that having a homegarden leads to a 
better height-for-age outcome for children in the household. On the other hand, having a 
homegarden leads to a poor weight-for-height outcome for children in the households.  
The coefficient for family size (NPERSONS) is also negative in all the three cases, which is as 
expected, but it is only significant (at the 10% level) for WAZ. A large number of members in 
the family strain the resources especially in terms of food and nutrition in poor households. In 
such a case, some studies have shown that the children are affected more than the adults as they 
are usually the non-earning members of the family and in terms of food distribution their 
preference or ranking is low as compared to the earning members or adults.  So children in larger 
families have lower nutritional status as compared to children in smaller families. The coefficient 
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for gender is also negative but non-significant for all the three regressions. As discussed before, 
gender is a dummy variable with values 0=boys and 1=girls. In this case being a girl negatively 
affects the nutritional status because of gender bias against girls in South Asian countries 
(including India), as discussed before.  The coefficient for age of the child is negative and 
significant at the 1% significance level for all the three measures. As per the results, the older the 
child, the lower is his/her HAZ, WAZ or WHZ and vice versa. This indicates that the older 
children are at a disadvantage and have a greater risk of being underweight, stunted and wasted 
as compared to the younger children in this sample, suggesting that the effects of being 
malnourished are accumulating over time. The coefficient for ‘AgeYrs2’, which represents the 
squared value of the age, is also positive and highly significant (at 1% and 5% levels) confirming 
the presence of a significant quadratic relationship between age and these nutritional measures. 
The coefficient for total income is positive for all the three nutritional measures, as expected, but 
coefficients are very small.  Income has a positive effect on the nutritional status of children 
when it comes to HAZ, WAZ and WHZ. The coefficient for squared value of income is also 
significant for HAZ and WAZ showing the presence of quadratic relationship between income, 
and nutritional measures of HAZ and WAZ. The coefficient for the ‘area owned by the 
household in tenth of acres’, is non-significant for all the three measures. But the sign on the 
coefficients is positive, indicating that a larger land size (owned by the household) has a positive 
impact on HAZ, WAZ and WHZ 
Mother’s age and mother’s employment coefficients are negative and non-significant for all the 
three outcomes. 
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Mother’s education coefficient is positive and highly significant ( at the 1% level) for nutritional 
measure HAZ, indicating that a more educated mother has a lower chance of having a stunted 
child. It is positive for WAZ but non-significant. It is negative and significant at the 5% level for 
WHZ. This is a strange result as I expected coefficient for mother’s education to be positive for 
all three measures. The father’s education coefficient is positive and significant at the 5% level 
for all three outcomes indicating that it has a positive effect on the long term (HAZ, WAZ) and 
short term (WHZ) nutritional status or of a child as can be seen from the positive coefficients for 
all three HAZ, WAZ and WHZ. I had expected the coefficients for mother’s and father’s 
education to be positive for all the three measures as many studies have proven that more 
educated parents lead to a better nutritional status for children in the household. Looking at the 
type of residence (urban vs. rural), the coefficient of ‘URBAN’ is positive and significant (at the 
5% level) only for WHZ, indicating that living in an urban area is positively associated with 
higher weight-for-height outcomes for children; for HAZ and WAZ, this coefficient is not 
significant. 
With the next set of variables, we observe how sanitation conditions affect the nutritional status 
of young children. ‘Piped water’ is the omitted category which includes water from piped 
sources. Well water includes sources like open wells, covered wells and tube wells. The 
categorical variable ‘Other Water’ includes water from sources like rivers, ponds, trucks, 
rainwater and other miscellaneous sources. The only significant coefficient is for ‘Other Water’ 
sources and it is negative indicating that when water in the households come from ‘other water’ 
sources, the HAZ is likely to be lower, and the nutritional status of children measured by HAZ is 
likely to be poorer. This is as expected, as ‘Other Water’ sources are not generally considered 
sanitary as compared to piped water sources.  
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Looking at the effect of the religion and the caste on the three nutritional indicators, we observe 
that as compared to Hindu children, Christian and Tribal children are more likely to have a 
higher HAZ or better nutritional status as the coefficients of these religions for HAZ are positive 
and significant (at 5% and 1% level). The coefficient for Sikh children is negative and 
significant, which means that as compared to Hindu children, Sikh children have a lower height-
for-age outcome. None of the other religion coefficients are significant for HAZ.  For WAZ, 
Buddhist and Tribal religion coefficients are positive and significant. Thus, as compared to 
Hindu children Buddhist and Tribal children seem to have a better weight-for-age outcome. For 
the measure WHZ, the coefficients of the ‘Buddhist’ and ‘Other Religion’ are positive and 
highly significant( at the 1% level), so in the short run children from these religions a have better 
nutritional status compared to Hindu children. 
For the caste variables, only SC (Scheduled Castes) and ST (Scheduled Tribes) coefficients are 
significant and negative for HAZ and WAZ, indicating that being from SC and ST castes has a 
negative effect on the height-for-age and the weight-for-age outcomes of children in these 
households, as compared to the Brahmin children. These results are not unexpected, and the 
widespread prevalence of wasting in the sampled population irrespective of religion, caste and 
income (as observed from summary tables 2.4 and 2.5) might explain these negative coefficients. 
Some things that could be driving the weird results in the model especially for the estimates of 
the nutritional measure WHZ, is that the regression model could be misspecified, or there is a 
presence of multicollineraity. Another reason could be that in multivariate analyses, sometimes 
missing values result in a lot of data getting dropped even if the percentage of missing data is 
small on any one variable. Since I was dealing with a lot of missing values in the anthropometric 
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data, depending on the patterns of missing data, it could have caused the analysis results to be 
totally off. 
Note: Initially, for these regressions, I had planned to use a welfare index created using 
household goods (HHASSETS) to account for long term economic status. The data analysis 
started with two welfare indices that measure the monthly per capita consumption and 
expenditure (short term), and household assets (long term) to capture the effect of 
poverty/income on child nutritional status. In the context of nutrition and poverty analysis, 
household expenditure on basic needs of life including those on food, clothing, housing, 
education and medical care is often used as a measure of household welfare (Glewwe, 1991; 
Alderman, 1993). Such expenditure reflects household command over resources and, therefore, 
to a large extent, the health status of household members. Additionally, it is also well-recognized 
in the literature that poverty is both a cause and a consequence of malnutrition. Because of this 
endogeneity, these welfare indices are predicted by household variables such as household size, 
education and per capita land holdings. But I also had a measure of total income in the dataset 
and this variable INCOME (Total Income of the household), was found to highly significant in 
all the regressions. And adding ‘the welfare index’ as a right-hand-side variable resulted in 
making the variable INCOME redundant. So, considering the problem of endogeneity from 
welfare indices, and highly significant nature of the total income in all the models, I have used 
the variable INCOME for all the regression equations to control for the effect of income. 
All the regressions include controls for religion (because the majority of Hindus are vegetarians 
and do not eat meat, therefore diets may be affected by the religion people follow), and 
regions/States (diet diversity and crop diversity may be related to states/regions, as in India, diets 
vary greatly according to different parts of country people live in) in all these regression models. 
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Some of the post estimation analysis shows that the errors were not normally distributed, 
indicating heteroskedasticity. The omitted variable test was also highly significant indicating 
need of adding more polynomials or interaction terms. So, there is a chance that the models 
might be misspecified. 
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8. Conclusions 
As the data from this study show, the nutritional status of children from the sampled families, the 
majority of which are farmers, is very poor, indicating the widespread problem of malnutrition. 
The per capita consumption quantity for children for different food items also appears to be quite 
low. These corroborate with other studies and the data that show that India has some of the 
highest stunting, underweight and wasting prevalence rates among young children. Given this 
situation, this study was an attempt to answer some questions about how having homegardens in 
the household might affect the dietary diversity and the nutritional status. From the results, the 
homegardens seem to have a significant positive effect on the increasing the dietary diversity of 
the children. A higher crop diversity practiced by the household also increases the dietary 
diversity. The summary results from simple average tables show that children from 
multicropping households are likely to eat more vegetables. Income, as expected, is also found to 
be highly significant and positive in explaining a higher diversity in diet for children.  Also, 
household religion and household caste seem to be playing some role in the kind of diet the 
children might be eating, especially for per capita consumption of foods like meat and eggs (a 
non-vegetarian diet).  
However, these results contradict one of my hypotheses that higher dietary diversity leads to a 
higher nutritional status in children. I found significant negative association between the short 
term measure for nutritional status weight-for-age (WAZ) scores and dietary diversity index 
(HDDS), which was not expected. 
Although not highly significant (at the 10% level), I did find a positive association between 
having a homegarden in the household and (height-for-age) HAZ scores, showing that 
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households with homegardens are likely to have better height-for-age outcomes  for children in 
the household or less likely to have stunted children. On the other hand, the results show a 
significant (at the 5% level) and negative association between having a homegarden and (weight-
for-height) WHZ scores, which was not expected. So, the results are mixed when it comes to 
measuring the impact of homegardens on nutritional status of children from this study. One 
reason this might be happening is, because of the misspecification of the model or omitted 
variables. Another reason could be not using the appropriate regression methods for analyses. As 
I have discussed before, I use Ordinary Least Squares (OLS) estimators for analyses, which 
correct for neither endogeneity nor measurement error, therefore these estimates are likely to be 
biased. 
The choice of a homegarden by a household seems to depend on a number of factors like 
household size, number of children in the household, female education, mother’s employment, 
and the size of the area that a household owns and cultivates, other things being equal. 
The Green Revolution was first introduced in India in 1963 by Dr. Borlaug, and helped 
transform India into engine of economic growth by making it a self-sufficient country with 
buffer food stocks and a top exporter of many kinds of food grains. But global food prices have 
been rising again since 2007 as a result of neglect and complacency towards food supplies and 
agricultural investment. The condition of uncertain global food supply is made worse by the 
pressure climate change is expected to place on major food producing areas. Hunger and 
malnutrition are again becoming major problems that India faces and need to be tackled 
promptly. So, given the results from this study, having some kind of homegrown production or 
homegardens is one of the ways of tackling hunger as they do help in increasing dietary diversity 
of the household. They also help with improving the long term nutritional status of children.  
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Because the homegarden data was actually derived from the consumption data, and not directly 
collected, I did not get a chance to study the trends and practices associated with homegardening 
in India completely. As I have discussed before, homegardens can potentially help hungry 
households that are struggling to meet their daily needs, by providing them with not only an 
inexpensive source of tackling hunger and malnutrition but also some extra income. Therefore, I 
would have liked to collect and analyze data about the homegarden land sizes, the kind of crops 
specifically grown, the income and costs associated with homegardens, whether women are 
significantly involved in growing homegardens and if/ how it helps their status in a patriarchal 
society like India. This would help answer some of the questions about usefulness of 
homegardens in the lives of urban and rural poor more clearly in the Indian context.  
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9. Tables and Figures 
Table 1 Summary of Variables used in the Regression Models 
Variable Obs Mean Min Max 
WAZ 6247 -1.31 -5.98 4.97 
HAZ 6247 -1.74 -5.98 5.97 
WHZ 6247 -0.49 -4.99 5 
Stunted 6247 0.48 0 1 
Wasted 6247 0.15 0 1 
Underweight 6247 0.33 0 1 
Gender 6247 0.48 0 1 
Age in Yrs 6247 2.91 0 5 
Homegarden 6247 0.87 0 1 
HDDS 6247 6.97 2 10 
Herfindahl 6247 0.53 0.07 1 
Area Owned(In tenth of acres) 6247 26.33 0 10000 
Area Owned & Cultivated 6247 23.1 0 9500 
INCOME(Rs.) 6247 48301.91 -107349.6 1314450 
NCrops_1 (Number of different Crops) 6247 2.71 1 12 
Vegetarian 6247 0.43 0 1 
CerealPCapita 6247 14.81 0.5 76 
VegPCapita 6247 2.31 0 24 
PulsesPCapita 6247 0.73 0 12.5 
MilkPCapita 6247 4.22 0 71.43 
MeatPCapita 6247 0.21 0 13.33 
EggsPCapita 6247 0.09 0 11.43 
OilPCapita 6247 0.51 0 6 
FruitsPCapita 6247 9.39 0 428.57 
NPERSONS(Household Size) 6247 7.96 3 38 
PNCHILD0_5(%) 6247 0.27 0.05 0.67 
PNCHILD6_14(%) 6247 0.17 0 0.67 
PNTEENS(%) 6247 0.07 0 0.67 
PNADULTS(%) 6247 0.48 0 0.89 
Highest Adult Ed(years) 6247 7.29 0 15 
Highest Adult Female ED(years) 6247 3.94 0 15 
Mother’s Age 6247 27.79 16 63 
Mother Education(Yrs) 6247 3.66 0 15 
Mother Employed 6247 0.73 0 1 
Father Education(Yrs) 6247 5.95 0 15 
Walking Time to Water(Minutes) 6247 10.19 1 120 
Piped Water 6247 0.23 0 1 
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Table 1 (cont.) 
     
Well Water 6247 0.31 0 1 
Other Water Sources 6247 0.46 0 1 
Toilet 6247 0.22 0 1 
URBAN 6247 0.04 0 1 
     
Religion Categories 6247  1 8 
  Frequency Percent     
Hindu 5,326 85.26     
Muslim 634 10.15     
Christian 68 1.09     
Sikh 76 1.22     
Buddhist 24 0.38     
Tribal 111 1.78     
Others 8 0.13     
Total 6,247 100     
     
Caste Categories 6247  1 5 
  Frequency Percent     
Brahmin 276 4.42     
OBC 2,663 42.63     
SC 1,110 17.77     
ST 715 11.45     
Other 1,483 23.74     
Total 6,247 100     
          
State Categories 6247  1 34 
  Frequency Percent     
Jammu & Kashmir 01 95 1.52     
Himachal Pradesh 02 366 5.86     
Punjab 03 89 1.42     
Uttaranchal 05 101 1.62     
Haryana 06 128 2.05     
Delhi 07 2 0.03     
Rajasthan 08 542 8.68     
Uttar Pradesh 09 1,162 18.6     
Bihar 10 423 6.77     
Arunachal Pradesh 12 3 0.05     
Nagaland 13 2 0.03     
Manipur 14 25 0.4     
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Table 1 (cont.) 
  
Tripura 16 4 0.06     
Meghalaya 17 14 0.22     
Assam 18 62 0.99     
West Bengal 19 282 4.51     
Jharkhand 20 131 2.1     
Orissa 21 394 6.31     
Chhattisgarh 22 361 5.78     
Madhya Pradesh 23 611 9.78     
Gujarat 24 213 3.41     
Daman & Diu 25 7 0.11     
Dadra Nagar Haveli 26 4 0.06     
Maharashtra 27 594 9.51     
Andhra Pradesh 28 102 1.63     
Karnataka 29 374 5.99     
Goa 30 18 0.29     
Kerala 32 85 1.36     
Tamil Nadu 33 46 0.74     
Pondicherry 34 7 0.11     
Total 6,247 100     
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Table 2 Summary of Mean Per Capita Consumption quantities, Dietary diversity (HDDS), Crop Diversity (Herfindahl Index) 
and Nutritional Status for households without and with Homegardens 
Variable Without Homegardens With Homegarden 
 Obs Mean Min Max Obs Mean Min Max 
VegPCapita(kg) 819 2.07 0.00 24.00 5428 2.35 0.00 20.00 
MeatPCapita(kg) 819 0.31 0.00 13.33 5428 0.20 0.00 12.50 
EggsPCapita(dz) 819 0.13 0.00 4.00 5428 0.09 0.00 11.43 
MilkPCapita(lt) 819 2.20 0.00 68.89 5428 4.53 0.00 71.43 
CerealPCapita(kg) 819 13.92 2.50 43.43 5428 14.94 0.50 76.00 
PulsesPCapita(kg) 819 0.70 0.00 11.11 5428 0.73 0.00 12.50 
OilPCapita(lt) 819 0.51 0.00 2.50 5428 0.51 0.00 6.00 
SugarPCapita(kg) 819 1.05 0.00 5.56 5428 1.22 0.00 17.00 
FruitsPCapita(Rs.) 819 10.69 0.00 400.00 5428 9.19 0.00 428.57 
HDDS 819 6.73 2.00 10.00 5428 7.01 2.00 10.00 
Herfindahl Index 819 0.68 0.20 1.00 5428 0.51 0.07 1.00 
Prevalence of:         
Stunted 819 0.49 0.00 1.00 5428 0.48 0.00 1.00 
Underweight 819 0.32 0.00 1.00 5428 0.34 0.00 1.00 
Wasted 819 0.16 0.00 1.00 5428 0.15 0.00 1.00 
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Table 3 Summarizing Per Capita Consumption, Dietary Diversity (HDDS), Income, Prevalence of Stunting, Underweight and 
Wasting for Monocropping and Multicropping Households 
 Monocropping (No. Crops=1) Multicropping (No. Crops>1) 
 Without Homegardens With Homegardens Without Homegardens With Homegardens 
 Obs=334 Obs=1077 Obs=485 Obs=4351 
Variable Mean Min Max Mean Min Max Mean Min Max Mean Min Max 
VegPCapita(kg) 1.74 0.00 24.00 1.42 0.00 15.00 2.29 0.00 16.67 2.58 0.00 20.00 
MeatPCapita(kg) 0.41 0.00 13.33 0.22 0.00 12.50 0.25 0.00 5.00 0.19 0.00 5.71 
EggsPCapita(dz) 0.13 0.00 2.86 0.09 0.00 6.00 0.12 0.00 4.00 0.09 0.00 11.43 
MilkPCapita(lt) 2.46 0.00 20.67 2.14 0.00 33.33 2.00 0.00 68.89 5.12 0.00 71.43 
CerealPCapita(kg) 13.17 3.29 43.43 13.75 3.00 50.00 14.44 2.50 40.00 15.24 0.50 76.00 
PulsesPCapita(kg) 0.60 0.00 11.11 0.43 0.00 12.50 0.75 0.00 9.09 0.81 0.00 11.11 
OilPCapita(lt) 0.53 0.00 2.00 0.41 0.00 3.75 0.49 0.00 2.50 0.54 0.00 6.00 
SugarPCapita(kg) 0.96 0.00 3.56 0.78 0.00 8.60 1.12 0.00 9.27 1.33 0.00 17.00 
FruitsPCapita(Rs.) 9.80 0.00 83.33 5.81 0.00 75.00 11.21 0.00 400.00 10.03 0.00 428.57 
HDDS 6.73 2.00 10.00 6.16 2.00 10.00 6.69 2.00 10.00 7.22 2.00 10.00 
Stunted 0.47 0.00 1.00 0.47 0.00 1.00 0.50 0.00 1.00 0.49 0.00 1.00 
Underweight 0.30 0.00 1.00 0.34 0.00 1.00 0.33 0.00 1.00 0.33 0.00 1.00 
Wasted 0.16 0.00 1.00 0.16 0.00 1.00 0.15 0.00 1.00 0.14 0.00 1.00 
INCOME(Rs.) 34814.72 -27895.00 729350.00 34654.33 -7236.51 758249.50 36107.37 -35784.90 1314450.00 54054.78 -107350.00 1201217.00 
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Table 4 Prevalence of Stunting, Wasting and Underweight across different Income Levels 
Income Levels= Negative Poorest 2
nd
 Middle 4
th
 Affluent 
Obs=6247             
Variable Obs Mean Obs Mean Obs Mean Obs Mean Obs Mean Obs Mean 
Stunted 173 0.53 1325 0.50 1200 0.53 1152 0.51 1220 0.47 1187 0.41 
Wasted 173 0.12 1325 0.16 1200 0.16 1152 0.14 1220 0.16 1187 0.12 
Underweight 173 0.35 1325 0.37 1200 0.39 1152 0.34 1220 0.33 1187 0.24 
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Table 5 Summarizing Per Capita Consumption, Dietary Diversity (HDDS) and Prevalence of Stunting, Underweight and 
Wasting across different Religions & Castes 
 Hindu Muslim Christian Sikh Buddhist Tribal Others Castes: Brahmin O B C Scheduled 
Castes 
Scheduled 
Tribes 
Others 
Variable Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean 
 Obs= 
5326 
Obs= 
634 
Obs= 
68 
Obs= 
76 
Obs= 
24 
Obs= 
111 
Obs= 
8 
Obs= 
276 
Obs= 
2663 
Obs= 
1110 
Obs= 
715 
Obs= 
1483 
VegPCapita(kg) 2.28 3.08 1.51 1.30 0.54 1.21 2.85 3.48 2.48 2.29 1.37 2.25 
MeatPCapita(kg) 0.17 0.56 0.78 0.07 0.15 0.18 0.18 0.07 0.18 0.20 0.20 0.31 
EggsPCapita(dz) 0.07 0.26 0.16 0.07 0.07 0.03 0.09 0.01 0.08 0.09 0.08 0.14 
MilkPCapita(lt) 4.33 3.38 2.58 12.01 1.14 0.19 0.00 6.81 4.46 3.33 1.32 5.36 
CerealPCapita(kg) 14.79 15.78 10.71 13.98 11.27 13.99 13.64 15.00 15.26 15.21 14.16 13.86 
PulsesPCapita(kg) 0.75 0.62 0.35 0.74 1.09 0.25 0.49 0.92 0.77 0.77 0.61 0.63 
OilPCapita(lt) 0.51 0.56 0.45 0.85 0.55 0.26 0.58 0.54 0.50 0.47 0.38 0.62 
SugarPCapita(kg) 1.21 1.05 0.98 3.19 1.01 0.34 0.73 1.67 1.21 1.08 0.70 1.42 
FruitPCapita(Rs.) 8.81 12.31 21.31 29.17 5.90 0.90 1.14 18.39 8.96 6.30 3.34 13.67 
HDDS 6.93 7.67 6.53 7.04 7.17 5.11 6.50 7.07 7.01 7.03 6.07 7.25 
Stunted 0.49 0.52 0.29 0.39 0.50 0.37 0.63 0.43 0.49 0.51 0.51 0.46 
Underweight 0.34 0.33 0.22 0.12 0.21 0.34 0.25 0.26 0.34 0.35 0.41 0.29 
Wasted 0.15 0.15 0.21 0.04 0.13 0.24 0.00 0.10 0.15 0.14 0.19 0.14 
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Table 6 Factors affecting Homegarden Choice Decision by Households (Logistic Model) 
Homegarden Odds Ratio P>t 
Observations=6247   
NPERSONS (no. of people n HH) 1.306 0.000 
NCHILDREN (no. of children in HH) 0.779 0.001 
FemaleED (Highest Education level of females in the HH) 1.053 0.036 
Vegetarian (yes/no) 0.995 0.978 
Area Owned and Cultivated (in tenth of acres) 1.009 0.021 
MotherEmp (if mother worked  >240 hrs outside home) 2.751 0.000 
Walking time to water( in minutes) 1.002 0.773 
Toilet (yes/no) 0.916 0.741 
Income 1.005 0.786 
URBAN 0.236 0.000 
Religion (Omitted Category-Hindu)   
Muslim 0.255 0.000 
Christian 1.161 0.868 
Sikh 0.871 0.920 
Buddhist 2.219 0.497 
Tribal 2.789 0.039 
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Table 6 (cont.) 
   
Other Religion 1.241 0.837 
Caste (Omitted Category-Brahmin)   
OBC 0.587 0.328 
SC 0.292 0.027 
ST 0.474 0.198 
Other Caste 0.840 0.764 
Constant 18.592 
 
0.001 
 
Notes
1,2 and3: ‘Hindu’ is the omitted category for series of dummy variables for Religion. 
‘Brahmin’ is the omitted category for series of dummy variables for Castes. The state of ‘Uttar 
Pradesh’ is the omitted category for series of dummy variables for states. The coefficients for 
different religions and different castes should be interpreted relative to the omitted categories
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Table 7 Effect of crop diversity index and homegardens on dietary diversity of the 
household (HDDS) (OLS Model) 
HDDS Coef. P>t 
Observations=6247 R-Squared= 0.3207 
Herfindahl (Crop Diversity Index) -0.199 0.082 
Homegarden (yes/no) 0.172 0.036 
INC1 (Income) 0.032 0.000 
SqINC1(square of Income) 0.000 0.000 
NPERSONS( No. of people in HH) 0.017 0.022 
PNCHILD(0-5) (Percentage of children in ages 0-5) 1.744 0.316 
PNCHILD(6-14) (Percentage of children in ages 6-14) 1.978 0.253 
PNTEENS(15-21) (Percentage of teens in ages 14-21) 2.647 0.132 
PNADULTS(22+) (Percentage of adults aged 22+) 2.457 0.160 
URBAN (yes/no) 0.252 0.026 
Religion (Omitted Category-Hindu)   
Muslim 0.521 0.000 
Christian -0.247 0.605 
Sikh 0.353 0.162 
Buddhist 0.457 0.229 
Tribal -0.413 0.102 
Other Religion -0.998 0.000 
Caste (Omitted Category-Brahmin)   
OBC 0.386 0.001 
SC 0.351 0.004 
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Table 7 (cont.) 
ST 0.307 0.111 
Other Caste 0.500 0.000 
Constant 3.361 0.059 
 
Notes: ‘Hindu’ is the omitted category for series of dummy variables for Religion. ‘Brahmin’ is 
the omitted category for series of dummy variables for Castes. The state of ‘Uttar Pradesh’ is the 
omitted category for series of dummy variables for states. The coefficients for different religions 
and different castes should be interpreted relative to the omitted categories. 
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Table 8 Effect of dietary diversity (HDDS) and homegardens on nutritional status 
measured by HAZ, WAZ and WHZ (OLS Model) 
 
 
(1) 
HAZ 
(2) 
WAZ 
(3) 
WHZ 
Obs=6247 Obs=6247 Obs=6247 
R-squared= 
0.212 
R-squared= 
0.248 
R-squared= 
0.060 
 Coef. P>t Coef. P>t Coef. P>t 
HDDS (Household Dietary Diversity Index) -0.038 0.111 -0.042 0.024 -0.028 0.220 
Homegarden (yes/no) 0.190 0.088 -0.029 0.730 -0.196 0.028 
NPERSONS ( no. of people in the HH) -0.011 0.291 -0.016 0.040 -0.011 0.215 
Gender (female/male) -0.060 0.406 -0.066 0.224 0.049 0.401 
AgeYrs (Age ) -2.167 0.000 -1.683 0.000 -0.312 0.001 
AgeYrs2 (Square of Age) 0.323 0.000 0.243 0.000 0.042 0.006 
INC1 ( Income) 0.000 0.000 0.000 0.000 0.000 0.082 
SqINC1 (Square of Income) 0.000 0.000 0.000 0.000 0.000 0.111 
Area Owned 0.000 0.495 0.000 0.700 0.000 0.761 
Mother Age -0.001 0.864 -0.004 0.463 -0.005 0.412 
MotherED (Mother’s education) 0.040 0.001 0.011 0.214 -0.019 0.050 
MotherEmp (1,if the mother works for > 240 hrs outside home, 
else 0) 
-0.005 0.957 -0.034 0.629 -0.034 0.625 
FatherED (Father’s education) 0.020 0.027 0.020 0.003 0.014 0.041 
URBAN -0.249 0.111 0.138 0.261 0.395 0.015 
Water Source (Omitted category-Piped Water)       
Well Water -0.119 0.261 0.017 0.827 0.090 0.289 
Other Water -0.208 0.041 -0.075 0.340 0.056 0.525 
Religion (Omitted Category-Hindu)       
Muslim -0.127 0.347 0.050 0.623 0.135 0.194 
Christian 0.816 0.053 0.465 0.179 0.037 0.916 
Sikh -0.837 0.062 -0.263 0.495 0.348 0.310 
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Table 8 (cont.) 
 
Notes
1, 2 and3: ‘Hindu’ is the omitted category for series of dummy variables for Religion. 
‘Brahmin’ is the omitted category for series of dummy variables for Castes. The state of ‘Uttar 
Pradesh’ is the omitted category for series of dummy variables for states. The coefficients for 
different religions and different castes should be interpreted relative to the omitted categories
Buddhist -0.110 0.775 0.568 0.078 0.983 0.004 
Tribal 1.077 0.000 0.536 0.030 -0.252 0.405 
Other Religion -1.012 0.141 1.107 0.136 2.454 0.009 
Caste (Omitted Category-Brahmin)       
OBC -0.175 0.324 -0.100 0.473 0.063 0.672 
SC -0.330 0.076 -0.308 0.034 -0.118 0.448 
ST -0.385 0.064 -0.391 0.016 -0.183 0.325 
Other Caste -0.273 0.142 -0.141 0.310 0.108 0.481 
Constant 1.255 0.001 1.325 0.000 0.212 0.492 
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Fig 1. Map showing the States and Union Territories of India  
 
 
 
Source: FAO
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